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(57) ABSTRACT

The invention relates to a compressor unit (200) for a
refrigeration system using a reifrigerant. The compressor
(200) unit includes a centrifugal compressor (201) for com-
pressing the refrigerant, wherein the compressor (201) has a
discharge outlet (204 ) for discharging the compressed refrig-
erant, and a check valve (1; 100; 301a). An 1nlet (83) of the
check valve (1; 100; 301a) 1s 1n fluid connection with the
discharge outlet (204) of the compressor (201). In order to
provide a more reliable and more quite compressor unit
(200), the check valve (1;100; 301a) 1s a nozzle check valve
including a damping mechanism (41, 50; 50, 141), wherein
a closing parameter of the check valve (1; 100; 301a) 1s
between 50 s/m”~ and 2000 s/m~, wherein the closing param-
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cter 15 a closing time of the check valve (1; 100; 301a)
divided by a port area of the check valve (1; 100; 301a).
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COMPRESSOR UNIT WITH A DAMPED
AXIAL CHECK VALVE FOR A DISCHARGE
OUTLET

CROSS-REFERENCE TO RELATED D
APPLICATION

This application 1s a National Stage application of Inter-
national Patent Application No. PCT/EP2020/051795, filed
on Jan. 24, 2020, which claims priority to European Appli- 1©

cation No. 19164084.6 filed on Mar. 20, 2019, each of which
1s hereby incorporated by reference in 1ts entirety.

TECHNICAL FIELD
15

The invention relates to a compressor unit for a refrig-
cration system using a reirigerant. The compressor unit
comprises a centrifugal compressor for compressing the
reirigerant, wherein the compressor has a discharge outlet
tor discharging the compressed refrigerant. The compressor 20
unit further comprises a check valve, wherein an 1nlet of the
check valve 1s 1n fluid connection with the discharge outlet
of the compressor.

BACKGROUND 25

The centrifugal compressor usually further comprises a
refrigerant 1nlet, a rotatable impeller, which 1s fixed to a
compressor shaft, a compressor diffusor, and a motor for
rotating the compressor shaft with the impeller. Refrigerant 30
from a low-pressure side of the refrigeration system 1is
sucked into the compressor through the refrigerant inlet.
Then, the refrigerant 1s compressed by the compressor and
discharged out of the discharge outlet to a high-pressure side
of the refrigeration system. 35

In more detail, the refrigerant flows from the inlet to the
rotating impeller. By 1ts rotation, the impeller accelerates the
refrigerant. A tlow velocity (unit: m/s) of the refrigerant 1s
increased and a kinetic energy of the refrigerant consider-
ably increases. The refrigerant exiting the impeller can move 40
with a flow velocity that 1s almost as high as the respective
speed of sound. The diffusor converts at least a part of the
kinetic energy of the accelerated refrigerant into additional
static pressure of the refrigerant. Hence, an outlet pressure of
the refrigerant at the discharge outlet 1s much higher than an 45
inlet pressure of the refrigerant at the refrigerant inlet.

The check valve protects the compressor from damages.

In particular, 11 there 1s an electric power failure while the
compressor 1s running, the compressor suddenly stops. Con-
sequently, without the check valve, a sudden backward flow 50
of the refrigerant through the compressor would occur: The
refrigerant tlows back from the high-pressure side to the
low-pressure side through the compressor. The backward
flow 1s against a desired forward flow direction. The com-
pressor can be severely damaged by such a backward tlow. 55
For example, the compressor may sufler from a deleterious
backward rotation of the impeller and the compressor shatt.

The check valve 1s provided to prevent the backward tlow.

I1 the flow velocity of the refrigerant 1n the forward direction
alter the discharge outlet decreases below a certain amount 60
or even turns, the check valve quickly closes. Hence, 1t 1s
avoided that too much refrigerant can tlow back into the
compressor from the high-pressure side.

In general, different types of check valves are employed,
for example swing type check valves, tilting disc check 65
valves, or dual plate check valves. Usually, check valves are
selected based on current industry practice and lowest cost.

2

Swing type check valves are most frequently used. They
are mexpensive and do not require external control. Fur-
thermore, they allow comparatively unobstructed flow 1n the
forward direction if they are fully open. However, swing
type check valves tend to have rather long closing times.
Therefore, backward tlow of the refrigerant into the com-
pressor may not be completely prevented. At least by several
backilow occurrences, a lifespan of the compressor can
decrease. Furthermore, swing type check valves may be
prone to cause surge.

If the check valve closes against a strong backward flow
ol the refrigerant, pressure pulses can occur at the high-
pressure side downstream of the check valve. This phenom-
enon 1s called surge (also referred to as check valve surge 1n
the following). This can happen if the compressor suddenly
stops: The forward flow of the refrigerant decreases, the flow
direction reverses. If a substantial backward flow has estab-
lished before the check valve i1s completely closed, this
backward flow 1s suddenly blocked by the check valve when
the latter finally closes completely. However, the refrigerant
downstream of the check valve still has kinetic energy and
impulse due to 1ts backward flow velocity. This kinetic
energy or impulse 1s then converted into additional pressure.
As a result, sudden excess pressure arises at the downstream
side of the check valve. Pressure waves (or shock waves)
propagate through the refrigeration system downstream of
the check valve. This causes loud “hammer” sounds. The
hammer sounds result from a rapid stretching of a pipe
downstream of the check valve through which the pressure
waves propagate. It should be noted that the typical hammer
sounds are not caused by the closing of the check valve as
such, 1n particular not by slamming of any valve component
onto a valve seat at rapid closure. Check valve surge can
result in considerable damage of components of the refrig-
cration system.

The risk of check valve surge can be reduced by preload-
ing the check valve such that 1t closes even 1f the flow rate
has not reversed but falls below a determined minimum flow
rate. However, 1n the latter case, the refrigerant system
cannot be operated with low flow rate. Moreover, even 1f the
flow rate exceeds the minimum flow rate, the etliciency may
be reduced because the check valve 1s not fully open due to
the preloading. This reduces efliciency for low flow rates.
Further, the check valve unit should open even 1if there 1s
only a small pressure drop along a forward flow direction.
Hence, the check valve unit does not impede the forward
flow of the refrigerant.

The check valve unit should close as fast as possible, 11 a
reverse pressure drop and reverse flow of the refrigerant
occurs. Typically, short times for opening and closing the
check valve unit are desired. For ensuring short opening and
closing times, a damping with regard to displacement of 1ts
valve shaft has to be small. Hence, less force 1s needed to
quickly open or close the check valve unit.

A further type of surge can occur in the centrifugal
compressor (referred to as compressor surge in the follow-
ing). Compressor surge especially occurs 1f a tlow rate of the
refrigerant through the compressor falls below a minimum
flow rate. Below the minimum flow rate, operation of the
compressor becomes unstable.

During compressor surge, the outlet pressure of the com-
pressor strongly fluctuates. In so-called deep compressor
surge, the flow rate in the compressor may even reverse
(negative flow rate). In addition, the rotational speed of the
compressor shaft can vary and a current of the motor for
driving the compressor can heavily fluctuate. Strong vibra-
tions and loud noise can occur. For example, the compressor
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can generate audible thumping (like muflled banging
sounds) during compressor surge.

Compressor surge can be deleterious for the compressor
itself and other parts of the reifrigeration system. For
example, strong compressor surge can damage or even
destroy the compressor. In particular, failure of blades of the
impeller can occur due to fatigue by repeated compressor
surge. If strong compressor surge occurs, even instant
mechanical blade failure 1s possible. Compressor surge can
also damage bearings for the compressor shaft.

Usually, centrifugal compressors are configured to with-
stand occasional mild surge. Nevertheless, even such occa-
sional mild surge may generate undesired, worrying noises
and vibrations. Furthermore, the lifespan of the compressor
and other components of the refrigeration systems may be
reduced because fatigue 1s intensified by surge.

Basically, the check valve can protect the compressor
from strong deep surge because it blocks ongoing backward
flow of the refrigerant from the high-pressure side when it 1s
closed.

It was noted above, that the risk of damages due to check

valve surge in the case of power failure 1s reduced or even
ruled out 1f the check valve has a short closing time.
Therefore, usually, 1t 1s desired to make the damping and the
closing time of the check valve as small as possible.

The closing time can be reduced by several ways. For
example, a mass of the moving parts of the check valve can
be decreased. Moving parts may denote all the parts, which
have to be moved for closing the check valve for effect
sealing for the check function. However, during compressor
surge, the compressor 1s not able to produce a constant flow
rate at the compressor outlet during surge. Compressor surge
often occurs in repeated, cycling manner (surge cycles). The
pressure at the discharge outlet varies according to the surge
cycles.

If the mass of the moving parts 1s very low, the check
valves becomes more prone to valve flutter. Valve flutter
causes undesired noise and undesired flow losses. It also
causes additional wear and fatigue of the check valve. For
example, a sealing surface of the check valve for eflecting
the check function will suffer from valve flutter. Further-
more, resilient elements (11 any) for urging the check valve
in 1ts closed state may sufler from valve flutter. Especially,
valve flutter can occur during compressor surge due to the
ongoing pressure fluctuations. Strong valve flutter of the
check valve can even result 1n corresponding repeated check
valve surges because backward tlow and check valve slam-
ming occurs in accordance with the surge cycles.

It has also been found that valve flutter of the check valve
may even amplily the surge cycles related to compressor
surge under certain conditions. In particular, valve flutter
may increase a magnitude and/or a frequency of the surge
cycles. Surprisingly, the negative eflects of compressor
surge can be even worse with the check valve under these
conditions, especially with regard to fatigue related to ongo-
ing surge cycles. Even 1f the compressor 1s designed to
withstand occasional mild surge, 1t may be damaged due to
tatigue caused by the unintentional interaction of compres-
sor surge and valve flutter.

SUMMARY

The object underlying the invention 1s to provide a more
reliable and more quite compressor unit.

This object 1s solved by a compressor unit according to
claim 1.
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The compressor unit comprises a centrifugal compressor
for compressing the refrigerant, wherein the compressor has
a discharge outlet for discharging the compressed refriger-
ant; and a check valve, wherein an 1nlet of the check valve
1s 1n fluid connection with the discharge outlet of the
COMPressor.

According to the mvention, the check valve 1s a nozzle
check valve including a damping mechanism, wherein a
closing parameter of the check valve is between 50 s/m” and
2000 s/m”, wherein the closing parameter is a closing time
of the check valve divided by a port area of the check valve.

The nozzle check valve provides a check function to
protect the compressor from undesired backward tflow of the
reirigerant. The check valve closes 1f a forward flow rate of
the refrigerant 1n the check valve falls below a predeter-
mined stop flow rate. The predetermined stop tlow rate may
be zero, for example.

Nozzle check valves ofler a short closing time. If the
check valve closes very fast, no substantial backward tlow
of the refrigerant can establish before the check valve 1s
completely closed. Therefore, the risk of check valve surge
1s reduced or ruled out. At least, a severity of surge (if any)
1s reduced by using the nozzle check valve. Hence, the
proposed compressor unit 1s more reliable. Furthermore,
components of the compressor unit downstream of the check
valve can no longer be damaged by strong surge shock
waves. The compressor unit with the nozzle check valve 1s
far less prone to generate undesired noise due to check valve
surge.

Further, nozzle check valves have a low-pressure drop. In
other words, nozzle check valves affect the flow of the
refrigerant 1n the forward direction only very little. This
improves the efliciency of the compressor unit.

Nozzle check valves are low inertia check valves. Only
low 1nertia are necessary to change a state of the check
valve. Low 1nertia check valves respond fast to changes of
the flow rate of the refrigerant.

However, contrary to the common desire to reduce the
closing time further, the present disclosure suggests to
employ the nozzle check valve with the additional damping
mechanism such that closing parameter is between 50 s/m?
and 2000 s/m”. Naturally, the additional damping mecha-
nism will increase the closing time compared to a similar
check valve without the additional damping mechanism. At
the other hand, the nozzle check valve 1s far less prone to
valve flutter. The damping mechanism reduces or even
completely suppresses valve tlutter of the check valve, even
in the case ol compressor surge and/or in the case of low
flow rates. Noises related to valve flutter are suppressed or
completely prevented. The damping also decreases the risk
of ongoing fast surge cycles that impair recovering a con-
stant tlow.

In particular, the damping mechanism suppresses
repeated slam close of the check valve 1n the case of surge.
Especially, ongoing, repeated check valve surge i1s pre-
vented. This enhances the lifespan of the components down-
stream of the check valve.

It 1s described above that a very short closing time of the
check valve gives rise to valve flutter of the check valve.
This may apply, for example, i1 the closing time 1s less than
0.05 s. The indicated range of the closing parameter ensures,
at the one hand, suflicient suppression of check valve surge
and strong compressor surge as well as, on the other hand,
suflicient suppression of valve flutter. By using the combi-
nation of the nozzle check valve, which has a very short
basic closing time (without damping) and the additional,
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specifically adapted and adjusted damping mechanism, the
proposed closing parameter are reliably ensured.

Undesired fast oscillations of the moving parts are
damped. An opemng degree of the nozzle check valve
remains more stable, even 1f the flow rate 1s small and 1f the 5
nozzle check valve 1s not fully open. Compared to conven-
tional compressor units, the check valve operates more
stable at lower tlow rates. Thus, an operation range of the
compressor unit 1s enlarged at low flow rates of the refrig-
erant. 10

Theretfore, surprisingly, providing the additional damping
mechanism 1s advantageous although the closing time 1s
increased by adding the damping mechanism.

The additional damping mechanism further prevents that
the frequency of the surge cycles 1s increased due to fast 15
valve flutter. As the frequency of the surge cycles (if any
remain) 1s lower, the number of corresponding load cycles
and associated fatigue loading 1s reduced by the damping
mechanism. Hence, the lifetime of the check valve and the
compressor are enhanced. 20

Summed up, the present invention enhances the reliabil-
ity, the efliciency, and the operational range of the compres-
sor unit and reduces unpleasant noises.

In a preferred embodiment of the invention, the damping
mechanism comprises a fluid damper for damping move- 25
ments of moving parts of the check valve. For example, the
damping mechanism may consist of the fluid damper. This
1s a cost-eflicient and reliable way of implementing the
damping mechanism. As the fluid discharged by the com-
pressor may be at least substantially gaseous, this fluid 30
damper may constitute a gas damper.

Preferably, an internal volume of a fluid connection from
the discharge outlet of the compressor to the inlet of the
check valve is in the range from 0,002 m> to 0,020 m".

Even 11 the check valve has closed completely in the case 35
of compressor surge, a residual amount of refrigerant having
high pressure 1s still located 1n the internal volume. At least
a part of that residual amount can flow back into the
compressor although the check valve 1s closed. The residual
amount 1s reduced by decreasing the internal volume. 40
Accordingly, when the check valve 1s closed, the pressure of
the residual refrigerant in the internal volume decreases
rapidly even 1f only a very small part of the residual amount
flows backward. In more general, the smaller the internal
volume, the less energy, which could damage the compres- 45
sor, 1s “‘stored” in the residual volume by the residual
amount. I the internal volume 1s small enough, there 1s no
more risk of damage to the compressor by the residual
amount.

The small internal volume 1s particularly advantageous in 50
combination with the additional damping mechanism for the
check valve. As noted above, the damping mechanism tends
to increase the closing time. Accordingly, an amount of
refrigerant that could flow back through the check valve in
case of compressor surge or sudden stop of the compressor 55
(for example due to power failure) betfore the check valve 1s
completely closed tends also to be larger compared with a
check valve without the damping mechanism. Said amount
1s also referred to as “check delay amount” in the present
disclosure. 60

However, the total amount of refrigerant that can flow
back in the compressor and hence the corresponding energy
do not only depend on the check delay amount but also on
the mternal volume (as described above). Hence, with the
small internal volume, a stronger damping of the check 65
valve, a corresponding longer closing time of the check
valve, and finally a larger check delay amount are tolerable

6

without risking damages of the compressor. The stronger
damping reduces the risk of valve tlutter further.

Furthermore, the small internal volume allows a fast
pressure recovery in the internal volume when surge occurs.
Hence, the negative eflects of surge are reduced.

According to a preferred embodiment of the present
invention, the closing parameter of the check valve 1is
between 100 s/m” and 1000 s/m”. In this range, valve flutter
and check valve surge are even less likely.

Preferably, the flud connection from the discharge outlet
of the compressor to the inlet of the check valve comprises
an elbow. More preferably, the fluid connection may be
formed by the elbow. According to another aspect, the elbow
may be formed integrally with at least a part of the housing,
of the check valve. This reduces the size and the costs of the
compressor unit. Furthermore, the transition-ifree connection
between the elbow and the check valve ensures smooth flow
of the refrigerant as well as high integrity and reliability of
the connection. The elbow may be directly fixed to the
COMpPressor.

Preferably, the compressor comprises at least two stages.
In other words, the compressor comprises the first stage
including a first impeller and at least a second stage includ-
ing a second impeller. The maximum pressure ratios that can
be obtained with a single stage centrifugal compressor are
limited. By adding at least the second stage, higher pressure
ratios are obtained. Hence, 1f the inlet pressure 1s kept
constant, a higher outlet pressure can be supplied. Thereby,
a power capability of the compressor unit (and hence of the
refrigeration system) 1s enhanced. Both the first impeller and
the second impeller may be fixed to the same compressor
shatt.

Additionally or alternatively, the compressor 1s a centrifu-
gal turbo compressor. Turbo compressors offer high efhi-
ciency and operate with low noise. The compressor may
comprise at least a first stage including a rotatable, first
impeller for accelerating the refrigerant.

In general, 1n centrifugal compressors, the impeller can be
fixed to middle portion of the compressor shait between two
bearings. Centrifugal turbo compressors are overhung
machines. In other words, the impellers are located at a free
end portion of the compressor shait that extends away from
the bearings. Especially, the first impeller of the first stage
can be located at the free end. Hence, an upstream side of the
first 1impeller can be formed without restrictions. Further-
more, the refrigerant can approach the first impeller centrally
along an axial direction of the compressor shait because the
latter does not extend beyond the first impeller 1n the axial
direction. Additionally, centrifugal turbo compressors allow
combining a high power capability with a small size.

Preferably, the compressor comprises a permanent mag-
net motor for driving the impeller. On the one hand, the
permanent magnet motor reduces a size and a weight of the
compressor. On the other hand, the permanent magnet motor
ensures high efliciency.

Additionally or alternatively, the compressor 1s a lubri-
cant-free compressor including a magnetic bearing system
for a compressor shait, wherein the magnetic bearing system
includes at least one magnetic axial bearing and at least one
magnetic radial bearing. When the compressor 1s energized,
the magnetic bearing system prevents mechanical contact of
the compressor shaft and the impeller (or impellers) with the
bearings or any other parts of the compressor. A compressor
shaft assembly comprising the compressor shaft and the
impeller (or the impellers) 1s levitated and held 1n place
magnetically. Hence, the bearings are not prone to mechani-
cal wear. Lubricant-free magnetic bearings provide quiet,
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reliable operation. This increases the lifespan and the efli-
ciency. No lubricant 1s needed, in particular no oil. This
reduces maintenance, eliminates long-term performance
degradation and minimizes the risk of catastrophic failure
compared to traditional, oiled designs. Furthermore, the
magnetic bearing system reduces noise. For example, an
active magnetic bearing system for providing radial and
axial load support for a shaft 1s described 1n U.S. Pat. No.
5,514,924 A.

More preferably, the bearing system includes a sensor
system for monitoring a position of the compressor shait at
least 1000 times per second, wherein the at least one
magnetic axial bearing and the at least one magnetic radial
bearing are digitally controlled based at least on an output of
the sensor system, and wherein the bearing system 1s con-
figured for active clearance adjustment for the bearings for
the compressor shaft.

The active clearance adjustment allows that the bearings
adapt to changing operation conditions of the compressor, 1n
particular to changing flow rates and/or changing rotational
speed of the motor shait. The compressor shaft may rotate
with different rotational speeds depending on the required
output. The rotational speed can be up to 32000 rpm, for
example. The active clearance adjustment also allows com-
pensating for sudden changes 1n load and/or flowing rate.

In more detail, the sensor system may comprise at least

one sensor ring, wherein the sensor ring surrounds the
compressor shaft. More preferably, the sensor system com-
prises at least two sensor rings. Each sensor ring may be
adapted to momitor an axial position, an axial speed, a
rotational position, and/or a rotational speed of the com-
pressor shatt. Most preferably, a first sensor ring 1s located
adjacent to a first radial magnetic bearing and a second
sensor ring 1s located adjacent to a second radial magnetic
bearing. The bearing system may comprise a controller that
1s configured for controlling the active clearance adjustment.
The sensor rings may be connected to the controller of the
bearing system, respectively.
Most preferably, a response time of the active clearing
adjustment 1s less than the closing parameter of the check
valve. For the purpose of the comparison of these values, the
closing parameter is indicated in the unit s/m* (seconds per
square meter) and the response time 1s 1ndicated in the unit
s (seconds). The values can be compared although they
relate to different physical quantities.

The fast response time of the active clearing adjustment
allows compensating even for rapidly changing loads on the
compressor shait assembly 1n the case of mild surge. Even
in the case of surge, the compressor shalft assembly does not
collide with any other parts of the compressor. Present active
clearing adjustment embodiments allow response times of
less than 1 us, for example 1n the order of nanoseconds.
Therefore, according to the present invention, 1t 1s not
necessary that the check valve closes as soon as possible.
The active clearing can compensate at least for beginning
mild surge disturbances. However, deep surge and/or sub-
stantial backflow of refrigerant have to be prevented by
timely closing the check valve. For example, the response
time may be less than 0.1 ms, more preferably less than 50
LS.

As already noted above, it 1s assumed that the damping
mechanism of the check valve prevents that the frequency of
the surge cycles 1s increase due to fast valve flutter. Due to
the lower frequencies of the surge cycles (if any remain), the
active clearing adjustment 1s better able to compensate for
any disturbances related to the surge cycles. This addition-
ally lowers the risk that the compressor 1s damaged.
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In particular, 1t 1s extremely advantageous to combine the
teature that the response time of the active clearing adjust-
ment 1s less than the closing parameter of the check valve
with the feature that the closing parameter of the check valve
is between 50 s/m* and 2000 s/m* or even between 100 s/m?
and 1000 s/m~. At the one hand, the check valve closes fast
enough to prevent strong deep surge and substantial back-
flow of the refrigerant. In particular, the check valve closes
fast enough 1n the case of beginning compressor surge or
power failure to avoid disturbances that cannot be compen-
sated for by the active clearing adjustment due to their
severity and/or their nature. On the other hand, the damping,
of check valve 1s large enough for reliably preventing valve
flutter and ensuring stable operation of the compressor unit
even 1n the case of low flow rates. This further increases the
allowed operational range of the compressor unit.

Preferably, the fluid connection from the discharge outlet
of the compressor to the inlet of the check valve comprises
a diffusor portion. This diffusor portion further converts
kinetic energy of the refrigerant, which 1s discharged from
the discharge outlet, into 1increased static pressure. Thereby,
a tlow velocity of the refrigerant 1s reduced. By decreasing
the tlow velocity of the refrigerant between the discharge
outlet and the inlet of the check valve, energy losses due to
high flow velocity in the check valve (and thereafter) are
avoided. The diffusor portion improves the efliciency of the
compressor unit. Most preferably, the elbow comprises at
least a part of the diffusor portion. For example, the elbow
may comprise the complete diffusor portion.

For example, a flow cross-section (unit: m”) may increase
by 10% to 250% from an inlet of the diffusor portion to an
outlet of the diflusor portion in total, more preferably by
25% to 100%, most preferably by 45% to 75%. The outlet
of the diflusor portion may correspond to the inlet of the
check valve.

Most preferably, an upstream-side end of the diffusor
portion 1s 1n direct fluid connection with the discharge outlet
of the compressor. In this case, smooth tlow of the refrig-
erant from the compressor to the diffusor portion 1s ensured.
Furthermore, as the diffusor portion begins directly after the
discharge outlet, decrease of the tlow velocity 1s 1immedi-
ately started for maximum efliciency.

Additionally or alternatively, a downstream-side end of
the diffusor portion extends until a downstream side end of
the fluid connection from the discharge outlet of the com-
pressor to the inlet of the check valve. This ensures smooth
flow of the refrigerant from the fluid connection into the
check valve. Furthermore, a length of said fluid connection
can be used optimally in order to decrease the flow velocity
of the refrigerant to a large extent for maximum efliciency.

Preferably, the compressor unit comprises a viewing
window that allows viewing from the outside 1nto an interior
of the fluud connection from the discharge outlet of the
compressor to the inlet of the check valve. For example, this
allows detecting liquid carry-over from an economizer port.
Such a liquid carry-over can damage internals of the com-
pressor. Therefore, the viewing window improves the opera-
tional reliability and the maintainability of the compressor
unit. Especially, the viewing window may be located in the
diffusor portion. According to another aspect, the viewing
window may be located 1n the elbow.

More preferably, the viewing window 1s configured to
allow viewing from the outside onto a valve head of the
check valve. Hence, an operator can check whether the valve
head 1s 1n a correct position and/or whether the valve head
1s damaged.
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Preferably, the check valve comprises:

A shatt bearing body comprising an at least substantially
cylindrical mounting portion extending along an axial
direction;

a valve shait mounted in the mounting portion, wherein
the valve shaft extends along the axial direction and 1s
displaceable along the axial direction;

a valve head comprising a sealing surface, wherein the
valve head 1s disposed on a distal end of the valve shatt
in the axial direction, the distal end facing away from
the mounting portion.

More preferably, the check valve further comprises a
damping reservoir inside the shait bearing body, wherein a
volume of the damping reservoir 1s changed by movement of
the valve shait with regard to the shait bearing body along
the axial direction;

Most preferably, 1in the check valve, at least two channels
are provided in parallel, each of the channels constituting a
fluid connection between the damping reservoir and an
outside of the shait bearing body, wherein the damping
reservolr 1s, apart from the channels, at least substantially
enclosed, wherein each channel has a length being at least
ten times a hydraulic diameter of the respective channel.

In particular, the outside of the shait bearing body may be
a main flow channel for a fluid (for example, the refrigerant)
passing the check valve 1 the check valve 1s open.

The damping reservoir and the channels constitute a fluid
damper 1n terms of the present disclosure.

In the following, the term ““the fluid” may be used instead
of the term “the refrigerant” sometimes.

In general, the term “channels are provided 1n parallel” (or
“parallel channels”) does not require that the at least two
channels are geometrically parallel. The term shall solely
indicate that the at least two channels establish at least two
different tluid connections through which a fluid can pass 1n
parallel in order to tlow from the damping reservoir to the
outside of the shaft bearing body and vice versa. In other
words, a first and a second channel are not parallel 1n this
meaning 11 the same part of the fluid first has to flow through
the first channel and then further through the second channel
when flowing from the damping reservoir to the outside of
the shaft bearing body (or vice versa). In this case, the first
channel and the second channel are arranged “in series”
(“consecutive channels™). Furthermore, 1t has to be under-
stood that 1t 1s not required that the fluid connections
between the damping reservoir and the outside of the shait
bearing body are established solely by the parallel channels
alone. For example, an additional conduit or several addi-
tional conduits may be provided 1n series to one or more of
the parallel channels 1 order to complete the flud connec-
tion between the damping reservoir and the outside of the
shaft bearing body.

The length of the channels 1s large compared to their
hydraulic diameters. The channels hence comprise a large
inner surface facing the fluid inside the channel. The 1impor-
tance of boundary effects for fluid flowing through the
channels 1s high. Therefore, a laminar flow of within the
channels 1s facilitated. The eflect 1s considerably increased
by providing at least two channels because the individual
channels can be smaller 1n comparison to the case, in which
all of the fluid has to pass through one single channel.
Hence, the tflow of fluid between the damping reservoir and
the outside of the shait bearing body 1s precisely determined
by the channels. On the other hand, with at least two
channels 1n parallel, the individual channels can be shorter
and therefore the size of the check valve 1s kept small.
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The at least two parallel channels are configured as a
“bottleneck” for tluid tflowing between the damping reser-
voir and the outside of the shaft bearing body. Hence, the
damping 1s at least substantially determined by the at least
two channels. In other words, the check valve 1s configured
that a flow resistance for the fluid flowing between the
damping reservoir and the outside of the shait bearing body
1s at least substantially determined by the at least two
parallel channels.

The check valve according to the present invention exhib-
its well-defined and optimal damping characteristics regard-
ing axial displacement of the valve shaft. Therefore, well-
defined opening and closing times can be assured.
Furthermore, undesired oscillations are avoided. For
example, valve fluttering 1s prevented even if the check
valve 1s only partially open.

In addition, the check valve according to the present
invention exhibits quick and well-defined closing at surge 1n
the centrifugal compressor.

The hydraulic diameter d,; of an individual one of the
channels may be calculated from an cross-sectional area A_
of the channel 1n a plane perpendicular to a longitudinal
direction of the channel and an inner circumterence O _ of
said channel as follows: d,=4*A /O _.

In general, the hydraulic diameter of the individual chan-
nel may vary along the longitudinal direction of the channel.
The term “hydraulic diameter” pretferably refers to a mini-
mum hydraulic diameter or to an eflective hydraulic diam-
cter. The effective hydraulic parameter 1s the hydraulic
parameter ol a uniform cylindrical channel having the same
length as the actual channel of the embodiment and exhib-
iting substantially the same flow resistance as the actual
channel, wherein the latter may be of a more complex shape.

Highly preferably, each channel has a length being at least
25 times the hydraulic diameter of the respective channel,
more preferably at least 50 times. In these cases, the chan-
nels are long enough for obtaining even stronger influence of
the mner surface of the channels facing the flmd flowing
therein.

However, the length of each channel 1s highly preferably
equal or less than 2000 times 1ts hydraulic diameter, more
preferably less than 1000 times. Otherwise, the flow resis-
tance would be too high and could impair fast closing of the
check valve.

The check valve may be configured to allow the fluid to
flow along a forward flow direction but to prevent the fluid
from flowing in a backward flow direction opposite to the
forward flow direction.

The sealing surface of the check valve may be configured
for sealingly abutting to a corresponding valve seat of the
check valve. For example, the sealing surface can have at
least substantially the shape of an annular line. According to
another example, the sealing surface might be of an at least
frusto-conical shape. As a further example, the shape of the
sealing surface can at least substantially correspond to a
spherical zone.

The valve shait with the valve head and the sealing
surface of the check valve (1.e. a valve shaft assembly) are
configured to be displaced from a closing position along the
axial direction. A maximum stroke of the valve shaft (and
the valve head with 1ts sealing surface) in the axial direction
1s the range between the closing position and a fully opened
position. The displacement of the valve shait can cause
opening and closing of the check valve.

According to another aspect, the maximum stroke of the
valve shatt 1s preferably within a range from 4 mm to 100
mm, more preferably from 5 mm to 50 mm, and most
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preferably from 6 mm to 35 mm. Such a maximum stroke 1s
small enough for short opening and closing times of the
check valve but exhibits a suflicient large opeming for not
impeding substantially the desired fluid flow through the
check valve along the forward tlow direction.

In particular, the closing position may be an axial position
of the valve shait 1n which the valve head protrudes furthest
from the shaft bearing body.

The valve head 1s at least axially fixed with respect to the
valve shait. Preferably, the valve head 1s axially and rota-
tionally fixed to the valve shaft. For example, the valve head
can be formed integrally with the valve shatt.

Preferably, a total mass of the valve shaft assembly
comprising the valve shaft and the valve head 1s less than
300 g. Therefore, the valve shaft assembly can be acceler-
ated very quickly. This promotes short opening and closing
times.

Additionally or alternatively, a mass parameter of the
check valve is between 10 kg/m* and 60 kg/m>, wherein the
mass parameter 1s a mass of a valve shaft assembly of the
check valve divided by the port area of the check valve.
More preferably, the mass parameter of the check valve 1s
between 20 kg/m* and 60 kg/m~. As a force of the refrigerant
on the valve head for closing the check valve in the case of
starting backward flow depends on a cross-section of the
valve head (and hence to the port area of the check valve),
the optimum mass of the v varies for different port areas.

A proximal side of the valve shaft with a proximal end
thereot 1s inserted into an interior of the shaft bearing body.
The valve shaft 1s mounted by the mounting portion of the
shaft bearing body. In particular, the mounting portion holds
and guides the valve shaft 1n an axial displaceable manner.

The damping reservoir can partially extend into a cavity
of the valve shaft located at the distal end of the valve shaft,
wherein the cavity 1s open at the distal end of the valve shatt.

In a highly preferred embodiment of the invention, the
proximal end of the valve shaft constitutes a distal end of the
damping reservoir. This embodiment requires few parts and
1s easy and cheap to manufacture.

In a highly preferred embodiment of the present inven-
tion, the valve head includes a sealing element, wherein the
sealing surface of the check valve 1s located on the sealing
clement. The sealing element 1s at least axially fixed to the
valve head, more preferably axially and rotationally fixed to
the valve head. The sealing element can be made of PFFE,
for example.

More preferably, the check valve further comprises a
resilient element forcing the valve shaft in the axial direction
towards the closing position. In other words, the resilient
clement exhibits a restoring force for closing the check
valve. Consequently, the valve head and the sealing surface
are forced in the closing position together with the valve
shaft. The valve shaft can be displaced by an external force
counteracting the resilient force. For example, an opening
force for displacing the valve shait in the axial direction
towards the fully opened position may arise from a differ-
ence between an upstream-side pressure acting on a distal
side of the valve head and a downstream-side pressure
acting on a proximal side of the valve head. In this case, the
opening force results from the upstream-side pressure being
higher than the downstream-side pressure and/or by an
cllective area of the distal side, on which the upstream-side
pressure acts. Said eflective area may be larger than an
cellective area of the proximal side of the valve head, on
which the downstream-side pressure acts. The upstream-side
and downstream-side are defined with respect to the afore-
mentioned forward flow direction.
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According to an aspect of the invention, the check valve
1 has a central unit comprising at least the valve head and the
shaft bearing body, wherein the central unit 1s configured
such that 1t has a drop-like outer shape when the check valve
1s Tully open. Therefore, the tflow resistance for tluid flowing
through the check valve around the central unit 1s very low.

This increases the energy efliciency of circuits in which the
check valve 1s used.

Additionally or alternatively, an inner shape of the hous-
ing of the check valve and outer shapes of the valve head and
of the central body, around which the fluid flows when the
check valve 1s open, are configured such that a local mini-
mum static pressure occurs at a downstream side of the valve
head when the latter 1s 1n the fully opened position.

According to a more preferred embodiment of the present
invention, the inlet of the check valve has an inner diameter
(port diameter) 1n the range from 32 mm to 120 mm, most
preferably in the range from 90 mm to 100 mm. With such
a dimension, the check valve 1s adapted for use in typical
refrigeration systems, for example for chillers.

According to still another aspect, a minimum flow cross-
section within the check valve 1s preferably larger than 70%
of a port area of the check valve. More preferably, the
minimum flow cross-section 1s between 80% and 95% of the
port area. This reduces the tlow resistance, the pressure drop,
and hence increases the elliciency. The port area 1s a tlow
cross-section at the inlet of the check valve. The minimum
flow cross-section within the check valve may be formed
between the sealing holder and the housing of the check
valve, for example.

Additionally or alternatively, the check valve may be
configured to act as a further diffusor portion (at least) when
it 1s 1n 1ts Tully open position. The further diffusor portion of
the check valve may continue the diffusor portion of the fluid
connection from the discharge outlet of the compressor to
the mnlet of the check valve, most preferably directly and
uniformly. This further reduces the space required for
installing the compressor unit and further improves the
elliciency of the compressor unit and/or the whole refrig-
eration unit. In particular, the flow cross-section at the outlet
of the check valve may be larger than the port area. For
example, the flow cross-section at the outlet of the check
valve 1s equal or larger than 110% of the port area, even
more preferably equal or larger than 120% of the port area.
However, the flow cross-section at the outlet may be less
than 150% of the port area. The flow velocity has already
been slowed down betfore by the diffusor portion betfore the
check valve and a larger flow cross-section at the outlet
would increase the size, the weight, and the costs of the
check valve.

Especially, the tflow cross-section may gradually enlarge
within the check valve along the forward tlow direction from
a location of the minimum flow cross-section to the outlet of
the check valve.

Most preferably, the resilient element 1s a spring, for
example a compression spring. The spring may be mounted
between the valve shaft and the shait bearing body. In
particular, a part of the shaft bearing body constituting the
proximal side of the damping reservoir may comprise a
spring seat. The spring seat 1s adapted to mount a proximal
end of the spring. The spring seat may be of an at least
substantially annular shape. Most preferably, the spring
extends partially through the cavity of the valve shaft.

A spring constant of the resilient element may be less than
0.1 N/mm, more preferred less than 0.02 N/mm. The spring
constant should be as low as possible such that only a small
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pressure drop along the forward flow direction 1s necessary
to keep the check valve 1n the fully opened position.

If the resilient element i1s provided, for example the
spring, the closing time 1s measured as the time necessary
for the moving parts to travel from the fully open state to the
tully closed state vertical up against gravity using the energy
from the resilient element (for example the spring) in
atmospheric air pressure. If no resilient element provided,
the closing time may be measured as the time necessary for
the moving parts to travel from the fully open state to the
tully closed state vertical down (1.e. parallel to gravity) due
to gravity 1n atmospheric air pressure. Such tests can be
casily performed by any skilled person at any workbench 1n
open air.

Such test can be easily performed by any skilled person at
any workbench 1n open air.

As noted above, the volume of the damping reservoir
changes according to the axial position of the valve shaft.
The check valve 1s configured so that fluid flows 1nto or out
of the damping reservoir through the channels 1f the valve
shaft 1s axially displaced in order to dampen said axial
movement.

In particular, the more the valve shaft 1s displaced in the
axial direction away from its closing position, the more
reduced 1s the volume of the damping reservoir. Hence, fluid
in the damping reservoir tlows into the channels from the
damping reservoir, further through the channels, and finally
to the outside. The viscosity of the fluid causes a damping
force counteracting axial movement of the valve shaft.

Vice versa, the more the valve shaft 1s displaced 1n the
axial direction towards 1ts closing position, the more
increased 1s the volume of the damping reservoir. Hence,
fluid enters from the outside into the channels, further flows
through the channels, and finally enters into the damping
reservoir. Again, the viscosity of the fluid causes the damp-
ing force counteracting axial movement of the valve shaft.

The damping force 1s mainly determined by the fluid
flowing through the channels. As the dimensions of the
channels are large compared to the manufacturing toler-
ances, there 1s only a low sensitivity of the damping char-
acteristics to the manufacturing tolerances. Therefore, with
the present invention, well-defined damping characteristics
are ensured.

The desired damping characteristic can be finely adjusted
by the number of the channels, the lengths of the channels
and the shapes of the channels, for example.

In a further highly preferred embodiment of the invention,
the damping reservoir 1s located in the shaft bearing body.
For example, the damping reservoir may be constituted of
the cavity formed 1n the shaft bearing body and a proximal
portion of an interior of the shait bearing body. The damping,
reservolr may be delimited at its distal end by the proximal
side of the valve shaft. At its proximal end, the damping
reservolr may be delimited by a wall of the shaft bearing
body.

The hydraulic diameter of each channel 1s highly prefer-
ably at least 0.07 mm, even more preterably at least 0.1 mm.
Additionally or alternatively, the hydraulic diameter of each
channel 1s highly preferably equal to or less than 1 mm at the
maximum, even more preferred less than 0.5 mm, for
example less than 0.3 mm.

In general, 1t 1s not necessary that the channels be of a
straight-line shape. For example, they might be provided as
helical grooves (see below). However, in a preferred
embodiment of the mvention, the channels are of straight-
line shape.
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Highly preferably, at least three channels, even more
preferably at least four channels, and still even more prei-
erably at least five channels are provided. Hence, the fluid
flow 1s divided into more channels. There 1s a suflicient
number of channels that the individual channels are small
enough to ensure laminar flow of the fluid therein even 1f a
large flow of fluid occurs during fast movement of the valve
shaft assembly.

With a given total area of cross-section of all channels
perpendicular to the respective tluid tlow direction inside the
channels (referred to as total channel cross-section), the
damping characteristics are the better the channels are
provided. This 1s explained in the following: Supposed all
channels are of the same or at least of a similar shape,
providing more channels without increasing the total chan-
nel cross-section means that the channel cross section (per-
pendicular to the respective fluid flow direction therein) of
cach single channel 1s reduced. In other words, the single
channels are getting smaller. If the channels are small
enough, a laminar flow within the channels 1s ensured.
Providing more channels facilitates to make the single
channels small enough such that the damping force 1is
proportional to the absolute value of the velocity of the valve
shaft istead of being proportional to said velocity in the
power of two.

On the other hand, the number of channels should not be
excessively high 1n order to allow a cost-eflicient, fast, and
reliable production of the check valve. Thus, the number of
the channels 1s preferably 200 at the maximum, more
preferably 100 at the maximum, and most preferably 50 at
the maximum. Furthermore, 1f the single channels are too
small, they may be prone to clogging even by very small dirt
and/or abrasion particles.

Of course, 1t 1s highly advantageous 1f the number of
channels 1s within the upper and lower limits mentioned
above.

According to a highly preferred aspect, fluid flowing
between the damping reservoir and the outside has to pass a
total length of the channels independently from the axial
position of the valve shatt. Consequently, the damping
characteristics are independent from the axial position of the
valve shatt.

Some of the channels or all of the channels may be
provided 1n a channel portion. In other words, said channels
are grouped together in one single channel portion. The
channel portion may be provided in one single unit. This
considerably facilitate the production of the check valve and
reduce 1ts costs. Furthermore, the size of the check valve 1s
decreased by grouping the channels together.

In a preferred embodiment of the mvention, the check
valve comprises a circumierential groove portion, which 1s
disposed on an outer circumierential surface of the valve
shaft or on an 1mnner circumierential surface of the mounting
portion and extends along the axial direction, wherein the
channels are formed by parallel helical grooves provided 1n
the groove portion.

In this case, each of the helical grooves constitutes one
channel and hence the fluid connection between the outside
of the shait bearing body and the damping reservoir. Fur-
thermore, in this case, the channel portion 1s formed by the
groove portion. As the grooves constitute the channels in this
embodiment, naturally, any features described with regard to
the channels may apply to the grooves. In more detail, the
channels are confined by the surfaces of the respective
helical groove and a surface of a counterpart. If the groove
portion 1s disposed on the mner circumierential surface of
the mounting portion, the surface of the counterpart 1s the
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outer circumierential surface of the valve shaft. Vice versa,
if the groove portion 1s disposed on the outer circumierential
surface of the valve shafit, the surface of the counterpart 1s
the inner circumierential surface of the mounting portion.

Parallel helical grooves have the same helical pitch.
Theretfore, diflerent helical grooves do not cross each other.
Thus, a more uniform tlow of fluid 1n each helical groove 1s
ensured. At least two helical grooves are provided in order
to obtain flow force symmetry for better concentricity and
less wear.

In an even more preferred embodiment of the present
invention, all helical grooves are equally spaced apart in the
circumierential direction. This also helps to avoid imbal-
ances and undesired moments and a risk of jamming of the
valve shatt 1s reduced.

According to highly preferred embodiment of the present
invention, the check valve includes an insert, wherein the
channels are formed by the isert. In particular, the channel
may comprise the channel portion. For example, the insert
may be of an at least substantially cylindrical shape.

The 1nsert may be press-fit to the check valve, 1n particu-
lar to a recewving portion of the check valve. Hence, the
isert as such 1s produced separately. This considerably
tacilitates the production of the channels. Alternatively, the
isert may be fixed to the check valve by means of threads.

The mnsert may be fixed directly to and within the shaft
bearing body (for example by press-fit as noted above).
Hence, the shait bearing body comprises the receiving
portion 1n this case. Even more preferably, the insert 1s
arranged at a proximal end of the damping reservoir. For
cach channel, a proximal end of the channel may be 1n fluid
connection with the outside of the shait bearing body and a
distal end of the channel may be in fluid connection with the
damping reservoir. For example, the distal openings of the
channels open directly 1into the damping reservoir. A conduit
may be provided 1n the shaft bearing body 1n series with the
channels for establishing the fluid connection between the
outside and the proximal openings of the channels. The
conduit may extend 1n the axial direction. Alternatively, the
proximal ends of the channels may open directly to the
outside of the shaft bearing body.

Highly preferably, the channels are formed by grooves on
a radially outer surface of the insert (1.e. an outer surface of
the insert seen 1n the radial direction). In this case, each
channel 1s confined by surfaces of the respective groove and
a surface of the receiving portion facing the groove.

In particular, the channels may be formed by straight
grooves, which are parallel to the axial direction. An 1nsert
comprising such straight grooves can be produced reliably,
tast, and cost-eflicient. The straight grooves may be equally
distributed on the radially outer surface of the insert.

Alternatively, channels are formed by helical grooves on
the radially outer surface of the msert. Said helical grooves
on the radially outer surface may be formed like the helical
grooves 1n the groove section described above. The advan-
tages of helical grooves are evident from above. However, it
1s more dithcult and more expensive to manufacture helical
grooves than straight grooves. Most preferably, all channels
are formed by helical grooves on the radially outer surface.
In general, depending on the individual requirements for
different check valves, 1dentical check valves but different
inserts can be produced. Hence, the check valve exhibiting
specific damping characteristics can be manufactured by
producing the specific insert configured to exhibit said
desired damping characteristics when being properly fixed
to the check valve and then fixing this insert to the check
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valve. In particular, the damping characteristics of the check
valve are determined by the number and/or the shape of the
channels of the insert.

Where an insert 1s used, a difference between an outer
circumierential diameter of the insert and an inner circums-
terential diameter of the receiving portion before mounting
the isert may be about 0,5%, but at least less than 0,7%. IT
channels are formed on the radially outer surface of the
insert, said diameter diflerence may be less than 40% of the
depth of the channels.

More preferably, the check valve further comprises a
valve seat, wherein the sealing surface of the valve head
sealingly abuts the valve seat when the valve shaft 1s in the
closing position and wherein the sealing surtace 1s displaced
away from the valve seat when the valve shait 1s displaced
in the axial direction away from the closing position. In
other words, the check valve 1s closed when the valve shaft
1s 1n 1ts closing position and the check valve 1s open when
the valve shait 1s not 1n its closing position. The fluid 1s
prevented from flowing through the check valve when the
valve shait 1s 1n 1ts closing position. However, the fluid can
flow through the check valve (1n particular pass between the
sealing surface of the check valve and the valve seat) 11 the
valve shatt 1s not 1n the closing position.

A shape of the valve seat may be adapted to the shape of
the sealing surface of the check valve (and/or vice versa).
Examples for the shape of the sealing surface are mentioned
above.

Most preferably, the check valve comprises a housing
including the valve seat, wherein the shait bearing body 1s
fixed to the housing. Highly preferably, the valve seat and
the shaft bearing body are formed integrally with the hous-
ing. Hence, the ruggedness and compactness of the check
valve are improved. In particular, the housing can be manu-
factured by 3D printing. For example, the housing and/or the
shaft bearing body can be metal printed. The metal may
comprise or consist of titanium, aluminum, and steel.

According to another aspect of the present invention, the
check valve most preferably exhibits stable partial opening
at least down to 15% of the rated mass flow of the check
valve, most preferably down to 10%. Check valves without
the well-defined damping characteristics according to the
present invention are prone to oscillations 1t they are only
partially open.

Most preferably, the check valve 1s a straight flow valve.
Theretfore, the flow of the fluid during operation does not
need to be deflected and the flow resistance of the open
check valve 1s decreased. Apart from that, the straight tlow
valve configuration needs less space and 1s easier to include
in fluid circuits, for example a refrigerant circuit.

According to another preferred embodiment of the present
invention, the compressor unit comprises an additional stop
mechanism to close a fluid connection from the discharge
outlet of the compressor to an outlet of the check valve 1n
addition to a check function of the check valve. This allow
closing the fluid connection steadily and independently from
the check function. If the fluid connection 1s blocked by the
stop mechanism, the discharge outlet 1s no longer 1n fluid
connection with the high-pressure side of the refrigeration
system. In this state, the stop mechanism steadily, safely, and
reliably separates the compressor from the high pressure-
side of the refrigeration system. Backtlow of the refrigerant
from the high-pressure side 1s prevented. Hence, the com-
pressor can be detached from the flud connection. For
example, the compressor may be detached from the elbow.
This facilitates maintenance of the compressor and replacing
the compressor. Furthermore, the stop mechanism allows
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protecting the compressor from the high-pressure side of
refrigeration system 1f the check function 1s not available or
if the check function 1s suspected being defect.

According to still another preferred modification, the
valve shait assembly 1s mounted such that a displacement of
the valve shait assembly in at least one direction perpen-
dicular to a central axis of the check valve 1s allowed. The
allowed displacement may be limited. Alternatively or addi-
tionally, the valve shaft assembly 1s mounted such that a
tilting of the valve shaft assembly with respect to the central
axis of the check valve 1s allowed. The allowed tilting may
be limited. Thus, the position of the valve head 1s able to
adapt to the position of the valve seat. In other words, a
misalignment between the valve head and the valve seat can
be compensated for. This improves tight and reliable sealing.
For example, at least a part of the shaft bearing body may be
mounted elastically 1n the radial direction.

More preferably, the compressor unit comprises diflerent
sealing surfaces for the check function and the stop mecha-
nism. In other words, the additional stop mechanism and the
check function use different sealing surfaces. The stop
mechanism does not use the sealing surface of the check
valve mentioned above. The compressor unit may comprise
a first sealing mechanism for the check function and a
second sealing mechanism for the stop mechanism, wherein
the second sealing mechanism 1s different from the first
sealing mechanism.

In some existing check valves, the check function can be
manually locked 1n the closed state such that the check valve
1s permanently closed. However, in this case, the sealing
surfaces and the sealing mechanism of the check function
are used for permanently closing the check valve. Unfortu-
nately, the sealing surfaces for the check function are prone
to wear and fatigue as the check function may be activated
repeatedly during normal operation of the compressor unit.
Hence, there 1s a risk that the check function cannot prevent
that at least small amounts of the refrigerant leak out through
the check valve from the high-pressure side of the refrig-
eration system even 1i the check function 1s manually locked
in the closed state. This 1s not a problem with regard to
dynamic closing of the check function during normal opera-
tion because no refrigerant can leak out to the environment.
Furthermore, very small amounts ol refrigerant passing
backwards through the check valve from the high-pressure
side of the refrigeration system in the case ol dynamic
closing of the check function during normal operation may
not be a vital problem. However, 11 the compressor i1s
demounted from the fluid connection, for example for repair
or replacement, the refrigerant could leak out to the outside,
pollute the environment, or even harm a repair crew. As the
compressor unit comprises diflerent (separate) sealing sur-
taces for the stop mechamsm, the reliable tight sealing of the
stop mechanism cannot be impaired by repeated activation
and wear of the check function during normal operation of
the compressor unit.

Apart from that, vice versa, there 1s no need for an
additional means for manually locking the check function 1n
the closed state. Hence, the check function as such can be
less complex and more reliable. Further, there 1s less friction
for the moving parts and less weight of the moving parts
related to the check function as such. This improves the
functionality of the check function 1n normal operation.

Summed up, in this embodiment, the reliability, maintain-
ability and safety of the compressor unit are improved.

According to an even more preferred embodiment of the
invention, the compressor unit comprises an additional valve
in the fluid connection from the discharge outlet of the
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compressor to the inlet of the check valve. The additional
valve 1s provided in addition to the check valve. Therefore,
the additional valve 1s completely separate and independent
from the check valve. In this case, the additional valve
features the stop mechanism.

Most preferably, the additional valve 1s a ball valve. Ball
valves are mexpensive, compact, and reliable. Further, they
induce only a low pressure drop if they are fully open.
Consequently, the efliciency of the compressor unit 1s not

impaired by the ball valve.

According to another aspect, most preferably, the addi-
tional valve 1s provided at an upstream-side end of the fluid
connection from the discharge outlet of the compressor to
the 1nlet of the check valve. Accordingly, an internal volume
between the additional valve and the discharge outlet 1s
minimized. This minimizes an amount of reifrigerant that
could leak out from this internal volume although the
additional valve 1s closed when the compressor becomes
demounted.

Additionally or alternatively, the additional valve 1s
located at an upstream side end of the diffuser portion.
There, the flow cross-section of the fluid connection 1s
smallest. The additional valve 1s particularly small and
inexpensive in this case. The additional valve may also form
a part of the diffusor portion when it 1s completely open. In
other words, the additional valve 1s integrated in the diffusor
portion. For example, an inner passage of the ball of a ball
valve may comprise at least substantially a shape of a
frustum of a cone. This reduces the size of the compressor
unit, in particular of the fluid connection from the discharge
outlet of the compressor to the ilet of the check valve.

According to another, even more preferred embodiment
of the invention, the compressor unit comprises a combined
valve unit, wherein the combined valve unit comprises both
the check valve and the additional stop mechanism. For
example, at least one component of the check valve may be
formed integrally with at least one component of the addi-
tional stop mechanism. However, 1t should be noted that also
in this case, different sealing surfaces for the check function
and the additional stop mechanism are used.

In particular, the sealing surface for the check function 1s
not used for the stop mechanism. Further, the combined
valve unit may comprise the check valve as the first sealing
mechanism for the check function the second sealing mecha-
nism for the stop mechanism, wherein the second sealing
mechanism 1s different from the first sealing mechanism.

With the combined valve unit, a size of the compressor
unmit 1s particularly small. A high degree of integration 1s
obtained.

Most preferably, the combined valve unit 1s a ball valve
with an integrated check valve. In more detail, the combined
valve unit 1s the ball valve, wherein the check valve 1s
formed 1n a ball of the ball valve. The complete check valve
including its housing 1s inside an outer housing of the
combined valve umit. The housing of the check valve serves
as the ball at the same time. The sealing surface of the check
valve 1s provided inside the ball. Sealing for the ball takes
place between an outer surface of the housing of the check
valve and the outer housing of the combined check valve
unit. In particular, at least one sealing comprising a sealing
surface for the additional stop mechanism (1.e. the ball
valve) 1s provided between the housing of the combined
valve unit and the outer surface of the housing of the check
valve. Said sealing surface abuts and seals against the outer
surface of the housing of the check valve, at least 11 the ball
valve 1s closed.
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For opening the ball valve, the ball (1.e. the complete
check valve including its housing) 1s turned inside the
combined valve unit such that the mlet of the check valve
faces an inlet of the combined valve unit and that the outlet
ol the check valve faces an outlet of the combined valve unit.
In other words, the complete check valve 1s turned such that
its axial direction 1s parallel to a flow direction through the
combined valve unit.

For closing the ball valve, the ball (1.e. the complete check
valve including 1ts housing) 1s turned inside the combined
valve unit such that the housing of the check valve closes the
inlet and/or the outlet of the combined valve unit. In
particular, the housing of the check valve may block both the
inlet and the outlet of the combined valve unit when the ball
valve 1s closed. Preferably, the complete check valve can be
turned such that 1ts axial direction 1s at least substantially
perpendicular to the flow direction through the combined
valve unit for closing the ball valve.

The problem mentioned above 1s further solved by a
discharge unit for a discharge outlet of a compressor. Hence,
the present invention also relates to the discharge unit as
such. The compressor can be of any of the embodiments and
modifications described above. The discharge unit com-
prises the combined check valve, wherein at least a part of
the outer housing of the combined valve unit 1s formed
integrally with a conduit for the fluid connection from the
discharge outlet to the 1nlet of the check valve unit. In other
words, the conduit and at least said part of the outer housing
of the combined valve unit are formed 1n one piece. This
reduces the complexity and allows a cost-eflicient produc-
tion. Furthermore, fewer transitions between different com-
ponents are necessary and hence the risk of leakages 1s
reduced. Furthermore, the internal volume between the
discharge outlet of the compressor and the inlet of the
combined valve unit (and, 1n particular, the inlet of the check
valve) are particularly small. This decreases the risk that the
compressor 1s damaged 1n the case of compressor surge.

An upstream-side end of the discharge unit may be
configured to be fixed to the compressor such that an inlet of
the discharge unit (especially, an inlet of the conduit) 1s 1n
direct fluid connection with the discharge outlet of the
compressor. More preferably, the discharge unit 1s config-
ured to be detachably fixed to the compressor. This allows
disconnecting the compressor for maintenance, repair, or
replacement. In more detail, a mounting flange may be
integrally formed at the upstream side end of the discharge
unit. The mounting flange may comprise at least three
through holes for fixing the discharge unit to the compressor,
for example by means of threaded bolts.

The discharge unit also may comprise the elbow. Addi-
tionally or alternatively, the discharge unit may comprise the
diffusor portion. In particular, the elbow and the diffusor
portion may coincide. Highly preferably, the combined
check valve 1s formed at a downstream-side end of the
diffusor portion. The elbow and/or the diffusor portion may
extend from the inlet of the discharge unit to the combined
valve unit.

A housing of the discharge unit constituting at least said
part of the outer housing of the combined valve unit and the
conduit for the fluid connection from the discharge outlet to
the inlet of the check valve umt may be made of an
aluminum alloy, for example AlS17Mg (T6). It may be
investment casted.

The embodiments and modifications relating to the ele-
ments of the compressor unit as well as the corresponding,
advantages may accordingly apply to the discharge unit as
such, for example with regard to:
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the fluid connection from the discharge outlet of the
compressor to the mlet of the check valve accordingly

from the inlet of the discharge unit to the inlet of the
check valve,

the elbow,

the diffusor portion(s),

the combined check valve, and/or

the check valve as such,

According to a preferred embodiment of the invention,
the compressor unit comprises the discharge unit according
to any one of the possible embodiments and modifications.

According to a preferred embodiment of the invention,
the compressor unit comprises the discharge unit according
to any one of the possible embodiments and modifications.

According to another preferred aspect, the compressor
umt 1s configured for the refrigeration system using a
low-pressure refrigerant. In other words, the compressor 1s
adapted for compressing low-pressure refrigerants. In terms
of the present disclosure, low-pressure refrigerants may be
reirigerants that are suitable for discharge pressures up to 25
bar. Accordingly, the compressor may be adapted for pro-
viding a maximum discharge pressure of 25 bar or less.

The object mentioned above 1s further solved with a
refrigeration system according to claim 135.

The refrigerant system comprises the compressor unit
according to any one or any combination of the embodi-
ments and modifications described above. The advantages
apply accordingly to the refrigerant system.

Preferably, the refrigerant system comprises a refrigerant.
For example, the refrigerant may consist ol or comprise
R-134a. More preferably, the refrigerant 1s a low-pressure
refrigerant, for example R-1234z¢e or R-513A.

According to a preferred embodiment of the present
invention, the refrigeration system comprises a chiller.

Preferably, the refrigeration system 1s an air-conditioning,
system.

Additional features, advantages and possible applications
of the mvention result from the following description of
exemplary embodiments and the drawings. All the features
described and/or 1llustrated graphically here form the subject
matter of the mnvention, either alone or mm any desired
combination, regardless of how they are combined in the
claims or 1n their references back to preceding claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be
described with reference to the drawings, in which:

FIG. 1 shows a cross-sectional view of a first embodiment
of a check valve of a compressor unit according to the
present invention with a housing comprising a valve seat in
an open state, wherein channels are formed by helical
grooves 1 a groove portion which 1s located at an outer
circumfierential surface of a valve shaftt;

FIG. 2 shows a perspective view a valve shait of the check
valve of FIG. 1, wherein ten helical grooves are provided in
the groove portion;

FIG. 3 1s a perspective view ol an embodiment of a
compressor unit according to the present imnvention;

FIG. 4 15 a cross-sectional view a of discharge umit of the
compressor unit of FIG. 3, wherein the discharge unit
comprises a ball valve, an elbow with a diffusor portion and
a second embodiment of a check valve;

FIG. § 1s a cross-sectional view of the check valve of FIG.
3 and FIG. 4 1n a fully open position;

FIG. 6 1s a schematic drawing of the compressor of FIG.
2: and
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FIG. 7 1s a cross-sectional view of a modified discharge
unit for the compressor unit of FIG. 2 according to the

present invention, wherein the discharge umt comprises a
combined valve unit, wherein the combined valve unit
includes a ball valve and an check valve that i1s integrated
within the ball of the ball valve;

FIG. 8 1s a perspective view of the discharge unit of FIG.
7,

FI1G. 9 1s an enlarged section of FIG. 7 with the combined
valve unit;

FIG. 10A 1s a cross-sectional view of a slightly modified
version of the combined valve unit of FIG. 9, wherein the
ball valve 1s fully open whereas the integrated check valve
1s closed,

FIG. 10B shows the combined valve unit of FIG. 10A in
a state, 1n which the ball is rotated about 20° within an outer
housing of the combined valve unit;

FI1G. 10C shows the combined valve unit of FIG. 10A in
state, 1n which the ball 1s rotated about 90° within the outer
housing, such that the ball valve 1s closed.

DETAILED DESCRIPTION

FIG. 1 shows a cross-sectional view of a first embodiment
of a check valve 1, which can be used 1n a compressor unit
according to the present invention, with a housing 80
comprising a valve seat 81 and a body holder 82. Both the
valve seat 81 and the body holder 82 are integrally formed
with the housing 80. In more detail, the body holder 82 1s
connected to an outer wall of the housing 80 by three support
arms 86. Due to the view, only two of the support arms 86
are visible 1n FIG. 1.

The housing 80 with the body holder 82 1s produced by
metal printing. For example, it can be made of titanium,
titanium alloy, aluminum, aluminum alloy, and/or steel. In
particular, it can be made of AISI 316.

In an 1nterior of the housing 80, a shait bearing body 10
1s fixed to the body holder 82. A substantially rod-shaped
interior 1s provided in the shait bearing body 10. The shatt
bearing body 10 extends along a central axis C and 1s
rotationally symmetric to said central axis C. The central
axis C 1s parallel to an axial direction A. An opening of the
interior to an outside 70 (1.e. the outside of the shait bearing
body 10) 1s located in the axial direction A at a distal end of
the shaft bearing body 10 and faces towards the valve seat
81.

A proximal side of a valve shaft 20 1s nserted 1nto the
interior of the shait bearing body 10. In this embodiment, an
inner circumierential surface of the shaft bearing body 10
delimiting the interior 1n a radial direction perpendicular to
the axial direction A acts as a mounting portion 11 for
holding the valve shatit 20 1n the shait bearing body 10. In
particular, the mounting portion 11 holds and gwdes the
valve shaft 20 such that 1t 1s displaceable 1n the axial
direction A between a closing position and a fully opened
position of the valve shaft 20, said fully opened position
being depicted i FIG. 1.

In the proximal side of the valve shait 20, which 1s
inserted into the shaft bearing body 10, a substantially
rod-shaped cavity 27 1s formed in the valve shaft 20. The
cavity 27 opens at a proximal end 22 of the valve shaft 20.
The cavity 27 and a proximal end portion of the interior of
the shaft bearing body 10 are hence 1n fluid connection and
form a damping reservoir 50. A compression spring 60 is
mounted between a distal end of the cavity 27 1n the axial
direction A and a spring seat 51. The spring seat 51 1is
disposed at a proximal end of the interior of the shait bearing
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body 10. The spring 60 forces the valve shaft 20 in the axial
direction A towards the valve seat 81. For example, a spring
constant of the spring 60 may be 0.01 N/mm.

A valve head 25 1s disposed at a distal end 21 of the valve
shaft 20. In this embodiment, the valve head 25 consists of
a distal flange 23 of the valve 20 formed integrally with the
latter and extending 1n the radial direction, a head cap 34, a
sealing holder 31, a sealing element 32, and a screw 35. The
sealing element 32 1s a sealing ring exhibiting a sealing
surface 33 for sealingly abutting the valve seat 81 when the
valve shait 20 1s in the closing position. In particular, the
sealing surface 33 of the embodiment of FIG. 1 has the shape

of an annular line.
The head cap 34 i1s fixed to the distal end 21 of the valve

shaft 20 by means of the screw 35. The screw 35 1s threaded

into a corresponding threaded hole. Said threaded hole 1s
disposed 1n the middle of the distal end 21 and proximally
extends along the central axis C. The head cap 34 is
configured for guiding fluid from a fluid inlet 83 of the check
valve 1 to the tlow passage 85 when the check valve 1 1s
open.

The sealing element 32 1s fixed between the head cap 34
and the sealing holder 31. The sealing holder 31 i1s fixed to
an outer radial end of the distal flange 23 of the valve shatt
20. By this, a valve shait assembly comprising the valve
shaft 20, the sealing holder 31, the sealing element 32, head
cap 34, and the screw 33 can be assembled 1n an easy, quick,
and cost-eflicient manner. The valve shait assembly includes
the moving parts of the check valve 1.

In this specific embodiment, the valve shaft assembly 1s
made of aluminum and Polytetrafluoroethylene (PFFE) and
has a total mass of 0.01 kg. Hence, 1f the check valve 1s
installed 1n a vertical orientation as depicted in FIG. 1, a
gravitational force of approximately 0.1 N supports the
resilient force of the spring 60 in closing the check valve 1.

If 1t 1s not certain 1n which spatial orientation the check
valve 1 will be 1nstalled and/or used, a restoring force of the
spring 60 must be suflicient to keep the valve shaft assembly
reliably 1n the closing position independent of said spatial
orientation when there 1s no pressure drop 1n a forward tlow
direction. In particular, i1t the check valve 1 1s installed
upside down compared to the orientation shown in FIG. 1,
the spring 60 has to overcome the gravitational force of 0.1
N of the valve shait assembly. In order to keep the check
valve 1 reliably closed when there 1s no pressure drop 1n the
forward flow direction, the resilient force of the spring 60
may, for example, correspond to 130% of the gravitational
force (1.e. 0.13 N 1in the given example) when the check
valve 1 1s 1n closed. If the valve shait assembly 1s moved
away from its closing position, the resilient force of the
spring 60 1ncreases according to its spring constant. When
the valve shait assembly 1s 1n 1ts fully opened position, the
resilient force of the spring 60 may be, for example, about
0.2 N.

FIG. 2 shows the valve shaft 20 of the check valve 1 of
FIG. 1 1n a perspective view. At the proximal end 22 of the
valve shait 20, the cavity 27 can be seen. At the proximal
side of the valve shait 20, a groove portion 40 1s provided
at an outer circumierential surface of the valve shait 20.
Within the groove portion 40, ten helical grooves 41 are
provided at the outer circumierential surface. Each of the
helical grooves 41 exhibits two helical turns. In other words,
cach helical groove 41 winds two times around the valve
shaft 20. Seen 1n the axial direction A, each helical groove
41 comprises an inner end opening at the proximal end 22
of the valve shait 20 and an outer end opening facing
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towards the distal flange 23 of the valve shait 20. Hence, the
outer end opeming constitutes a distal end of the respective
helical groove 41.

The valve shait 20 comprises a middle part 26 between
the groove portion 40 and the distal flange 23. In the middle
part 26, the diameter of the outer circumierential surface of
the valve shait 20 1s smaller than 1n the groove portion 40 by
an amount corresponding to a depth of the helical grooves
41. Hence, there 1s no edge or step for fluid tlowing into or
out of the outer end openings of the helical grooves 41.

As mentioned above, the proximal side of the valve shait

20 with the groove portion 40 i1s inserted ito the shaft

bearing body 10 (see FIG. 1). Due to the reduced radial
thickness of the valve shaft 20 1n 1ts middle part 26, a gap
90 1s formed between the inner circumierential surface of
the shaft bearing body 10 and the outer circumierential
surface of the valve shaft 20 1n the middle part 26. The gap
26 constitutes a fluid connection between the outside 70 of

the shaft bearing body 10 and the distal ends of the helical
grooves 41, namely their outer end openings. The cross-
sectional area of the gap 90 perpendicular to the axial
direction A 1s considerably larger than a total area of
cross-section of all helical groves 41 perpendicular to the
axial direction A. Therefore, there 1s no influence or at least
no significant influence of the gap 90 on the damping
characteristics of the check valve 1.

As the diameter of the outer circumierential surface of the
valve shatt 20 1s larger 1n the groove portion 40 than 1n the
middle part 26, the groove portion 40 corresponds to an
engagement portion of the valve shaft 20.

Independent of the axial position of the valve shait 20,
even when 1t 1s 1n its closing position, the groove portion 40
always remains completely in the interior of the shaft
bearing body 10. In all axial positions of the valve shait 20,
the groove portion 40 (engagement portion) remains
engaged with the shaft bearing body 10 over the whole
length of the groove portion 40. In particular, over the
complete range of axial motion of the valve shaft 20, the
complete groove portion 40 1s guided 1n a shiding area of the
inner surface of the shaft bearing body (mounting portion
11), wherein the diameter of the inner circumierential sur-
face of the shaft bearing body 10 1s constant within the
mounting portion 11.

Accordingly, imndependent of the axial position of the
valve shaft 20, fluid flowing between the damping reservoir
50 and the outside 70 of the shaft bearing body 10 has to pass
through the enftire length of the helical grooves 41. The
helical grooves 41 never protrude out of the interior of the
mounting portion 11. Therefore, the damping eflect of the
helical grooves 41 and the damping characteristics of the
check valve 1 are independent from the axial position of the
valve shaft 20 and hence of the axial position of the valve
head 25.

In other words, each helical groove 41 constitutes a single
channel for the flmmd and constitutes a fluid connection
between the damping reservoir 50 and the outside 70.

As the mner circumierential surface of the shait bearing
body 10 in the mounting portion 11 slidably mounts the
groove portion 40 (which therefore also constitutes the
engagement portion of the valve shatt 20), said inner cir-
cumierential surface may be denoted as counterpart surface
of the groove portion 40 and the helical grooves 41. Each
single channel 1s formed by the respective helical groove 41,
wherein the channel i1s confined by side surfaces of the
helical groove 41 and 1s covered by the counterpart surface
tacing said helical groove 41.
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The helical grooves 41 are arranged in parallel such that
the fluid passes all helical grooves 41 1n parallel at the same
moment when flowing between the damping reservoir 30
and the outside 70. In other words, the fluid flow between the
damping reservoir 50 and the outside 70 1s split up into all
parallel helical grooves 41.

In FI1G. 1, the axial direction A 1s parallel to a direction of
gravity. Hence, gravity forces the moving parts of the check
valve 1 towards the valve seat 81. The gravitational force of
the valve shait assembly helps to close the check valve 1.

It has to be noted that the shait bearing body 10, the valve
shaft 20, and the valve head 235 are at least substantially
rotationally symmetric. This facilitates the manufacture of
the check valve 1.

If the check valve 1 1s an open state, for example 1n the
tully open state depicted 1n FIG. 1, fluid can enter the check
valve 1 through the fluid ilet 83 of the housing 80, pass
between the valve seat 81 and sealing surface 33 and further

through a flow passage 85 constituted between an outer wall
of the housing 80 and an outer wall of the body holder 81 to
a tluid outlet 84 of the housing 80. Said flow passage 85
extends round about the body holder 82. Seen 1n a circum-
terential direction perpendicular to the axial direction A, the
flow passage 83 1s only interrupted by the three support arms
86.

The desired forward flow direction for the fluid from the
fluid mlet 83 to the fluid outlet 84 1s substantially parallel to
the axial direction A.

The check valve 1 depicted in FIG. 1 1s a straight flow
valve. It 1s compact and exhibits low tflow resistance for fluid
flowing through 1t 1n the forward flow direction.

It 1s evident from FIG. 1 that the proximal side of the
valve head 25, 1n particular a proximal side of the sealing
holder 31, fittingly abuts on a distal end of the outer wall of
the body holder 82 1n the fully opened position (i.e. when the
check valve 1 1s fully open). No gap, edge, or step but a
smooth transition 1s obtained between the valve head 25 and
the outer wall of the body holder 82, said outer wall
constituting an inner wall of the flow passage 85.

The valve head 25, the body holder 82 (disregarding the
support arms 86), and the outer wall of the shait bearing
body 10 together form an at least substantially drop-shaped
umt when the check valve 1 1s fully open. Theretfore, the
flow resistance for fluid flowing through the check valve 1
from the fluid inlet 83 to the fluid outlet 84 i1s very small.
This 1s beneficial for energy-eflicient fluid circuits.

If a force of the flmd 1n the axial direction A to (keep)
open the check valve 1, 1n particular caused by an upstream-
side pressure, 1s lower than the sum of the resilient force of
the spring 60 and the gravitational force of the valve shaft
assembly, the valve shaft assembly moves against the axial
direction A towards 1ts closing position or remains in the
closing position.

If the check valve 1 1s 1n the closed state and 1t the
upstream-side pressure 1s high enough that 1ts resulting force
acting on the head cap 34 exceeds the resilient force of the
spring 60, the gravitational force of the valve shait assembly,
and a force due to a downstream-side pressure 1n the tlow
passage 85 (if any), then the valve shaft assembly 1s moved
in the axial direction A away from 1ts closing position.
Hence, the sealing surface 33 1s lift ofl from the valve seat
81 and fluid can pass between the sealing element 32 and the
valve seat 81. In this way, the check valve 1 opens.

Due to 1ts configuration with several (namely ten) helical
grooves 41, the check valve 1 exhibits well-defined damping
characteristics for movement of the valve shait assembly.
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If the valve shaft 20 moves 1n the axial direction A, a
volume of the damping reservoir 50 1s changed. To com-
pensate for the volume change, flmd has to flow into the
damping reservoir 50 from the outside 70 or, vice versa, to
flow tfrom the damping reservoir 50 to the outside 70. Fluid
flowing between the damping reservoir 50 and the outside
70 of the shait bearing body 10 1s pressed through the helical
grooves 41. As the fluid has a predetermined viscosity, this
requires a certain force. In thus way, a damping force
counteracting movement of the valve shaft 20 in the axial
direction A 1s exhibited.

In the groove portion 40, the ten helical grooves 41
occupy S0% of the outer circumierential surface of the valve
shaft 20. Accordingly, the single grooves 41 are very small.

In the embodiment shown 1n FIGS. 1 and 2, for example,
the depth of the helical grooves may be 0.2 mm. This means,
that each helical grooves extends 0.2 mm 1n the radial
direction towards the center line C starting from the outer

circumierential surface of the valve shaft 20 in the groove
portion 20. The valve shait 20 1s slidably mounted by the
areas ol the groove portion 40 between adjacent helical
grooves 41. These ungrooved areas 1n the groove portion 40
hence constitute the sliding surface for mounting the valve
shaft 20 within the mounting portion 11.

For example, 1in the embodiment shown 1n FIG. 1, a width
of the single helical grooves 41 in the circumierential
direction may be 0.5 mm.

As the respective helical grooves 41 are small, boundary
cllects are of considerably importance 1f fluid 1s pressed
through the helical grooves 41 due to movement of the valve
shaft 20 1n the axial direction A. In particular, the Reynolds
number for fluid flow between the valve shaft 20 and the
shaft bearing body 10 1s less than 2300. Accordingly, the
damping force 1s proportional to the absolute value of a
velocity of the movement of the valve shaft 20 in the axial
direction A. This damping characteristic can only be
obtained by providing several but small helical grooves 41
and by the helical grooves 41 occupying at least a consid-
crable amount of the outer circumierential surface in the
groove portion 40.

In particular, the damping force 1s not proportional to the
velocity of the movement of the valve shait 20 in the power
of two as 1n other, known check valves.

Therefore, fast movements of the valve shaft assembly are
not exceedingly damped. With the well-defined damping
characteristics, the low mass of the valve shaft assembly, the
spring 60, and the gravitational force of the valve shait
assembly, the check valve 1 closes 1n less than 0.2 s 1f fluid
1s going to tlow 1 a backward tlow direction against the
desired forward flow direction.

For example, in order to close the check valve 1, the valve
shaft assembly might accelerate to a maximum velocity 1n
0,002 s. Then 1t 1s damped to at least nearly maintain the
maximum velocity of 0.1 m/s. This results 1n a closing time
of about 0.1 s.

On the other hand, as the damping force 1s proportional to
the absolute value of the velocity of the valve shatt 20,
sullicient damping force 1s exhibited even in cases of slow
movements. In particular, the check valve 1 1s not prone to
oscillations if 1t 1s only partially open. Furthermore, the
check valve 1 1s not prone to 1nstable opening or closing.

For example, the check valve 1 can be used in cooling
and/or refrigeration systems, respectively. Additionally or
alternatively, 1t can be used for centrifugal compressors, 1n
particular for protecting centrifugal compressors 1n the case
of surge.
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In particular, the check valve 1 1s configured for use 1n a
refrigerant circuit, wherein R134a, R410a or CO2 are used
as a refrigerant. In typical operating conditions, the viscosity
of R134a and R410a at the check valve 1 1s 1n the range from
10 uPa-s to 20 uPa-s. The number, shape, and the dimensions
of the helical grooves 41 as well as the damping reservoir 50
of the check valve 1 are adapted to this viscosity range 1n
order to obtain the desired damping characteristics, respec-
tively.

In the check valve 1 according to FIGS. 1 and 2, a port
diameter of the check valve 1 at the inlet 83 1s 30.5 mm. A

port area of the check valve 1 (i.e. a cross-sectional area of
the inlet 83 of the check valve 1) is 7.3 cm”. A closing
parameter of the check valve is 137 s/m®. The closing
parameter 1s the port area divided by the closing time (0.1 s
in this case, see above).

With the above-mentioned size and characteristics, the
check valve 1 1s particularly suitable for refrigeration sys-
tems with high-pressure refrigerants. However, the above
design can be adapted for low refrigerants as well. In this
case, the port area has to be increased, because more volume
in total has to be supplied for obtaining the same refrigera-
tion capability due to the smaller total pressure difference in
the refrigeration system. Accordingly, the check valve 1 gets
larger 1n size. In particular, the mass of the valve shaft

assembly increases. However, the closing parameter should
be held in the range from 50 s/m® to 2000 m/s*, more

preferably between 100 s/m” to 1000 m/s”.

The closing time (and hence the closing parameter) can be
adjusted by adjusting the damping of the check valve 1. In
more detail, the damping force can be reduced by providing
more channels (helical grooves 41) of the same type, by
increasing the width and/or the depth of the channels, and/or
by reducing the length of the channels. Vice versa, the
damping force can be increased by providing less channels
of the same type, by decreasing the width and/or the depth
of the channels, and/or by increasing the length of the
channels. Of course, in general, the damping characteristics
may further depend on the type and the state of the refrig-
erant.

FIG. 3 1s a perspective view ol an embodiment of a
compressor unit 200 according to the present invention. The
compressor unit 200 comprises a centrifugal compressor
201, a check valve 100 according to a second embodiment
and a fluid connection 220 from a discharge outlet 204 of the
compressor 201 to an inlet 83 of the check valve 100. In
more detail, an inlet 221 of the fluid connection 220 1s
directly connected to the discharge outlet 204.

The check valve 100 of the second embodiment 1s very
similar to the check valve 1 of the first embodiment.
Corresponding elements are denoted by the same reference
signs and are not described again. The descriptions, modi-
fications and advantages apply accordingly. Parts having the
same names but different reference signs may be 1dentical to
the corresponding parts of the check valve 1 except the
differences, which are described and/or are necessary.

An 1nlet port 400 of a refrigeration system 1s directly fixed
to the check valve 100. The ilet port 400 of the refrigeration
system 1s 1n (direct) fluid communication with the outlet 84
of the check valve 100. In more detail, bolts 402 are inserted
into through holes of a fixation flange 401, which 1s formed
at an upstream-side end of the inlet port 400, and are
threaded into corresponding screw holes 1n a flange 239,
which 1s formed at a downstream-side end of a housing 101
of the check valve 100. The refrigeration system may be a
chuller system, for example.
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The fluid connection 220 includes a ball valve 260 and a
conduit 231. The conduit 231 constitutes a tluid connection
from an outlet of the ball valve 260 to the inlet 83 of the
check valve 100. An interior of the conduit 231 includes a
diffusor portion 222 of the fluid connection 220.

FIG. 6 1s a schematic view of the structure of the
compressor 201. It 1s adapted to accelerate and compress a
refrigerant of the refrigeration system. The compressor 201
comprises a compressor mlet 203 for sucking in the refrig-
crant and the discharge outlet 204 for discharging the
accelerated and compressed refrigerant.

In this embodiment, the compressor 201 comprises a first
stage 205 and a second stage 207 for compressing the
reirigerant. By this, higher pressure ratios can be achieved
compared to a compressor having only one single stage.
Hence, the refrigeration system can be operated more eflec-
tively. The pressure ratio 1s an outlet pressure of the com-
pressed refrigerant at the discharge outlet 204 divided by an
inlet pressure at the compressor inlet 203.

A first impeller 206 of the first stage 205 and a second
impeller 208 of the second stage 207 are rotationally and
axially fixed to a compressor shatt 209. The compressor 201
turther comprises a permanent magnet motor 210 for rotat-
ing the compressor shatt 209 and with the first impeller 206
and the second impeller 208 mounted thereon.

The compressor 201 further comprises a magnetic bearing
system for the compressor shait 209. It includes a first
magnetic radial bearing 211, a second magnetic radial bear-
ing 214, and a magnetic axial bearing 216.

The compressor 201 1s a turbo centrifugal compressor. It
1s an overhung machine. Both the first impeller 206 and the
second 1mpeller 208 are located at a free end portion of the
compressor shaft 209, which points towards the compressor
inlet 203 (see FIG. 6). This side 1s referred to as the inlet side
of the compressor 201 1n an axial direction of the compres-
sor shaft 209. An opposite side 1n the axial direction of the
compressor shaft 209 1s referred to as motor side. The free
end portion extends away from the magnetic bearings (the
first magnetic radial bearing 211, the second magnetic radial
bearing 214 and the magnetic axial bearing 216) of the
compressor 201. Accordingly, all magnetic bearings 211,
214, and 216 are located at the same side of the compressor
shaft 209, which 1s opposite to the free end portion 1n the
axial direction. The magnetic bearings 211, 214, and 216 are
located on the motor side with respect to the first impeller
206 and the second impeller 208.

Seen 1n the axial direction of the compressor shait 209,
the first stage 205 1s located next to the compressor inlet 203.
The second stage 207 1s located adjacent to the first stage
205 towards the motor side. At the inlet side, the compressor
shaft 209 ends at the first impeller 206. The compressor inlet
203 1s located centrally with respect to the first impeller 206
in a radial direction, which 1s perpendicular to the axial
direction of the compressor shait 209.

The magnetic bearing system holds and guides the com-
pressor shait 209 without mechanical contact, at least when
the compressor 201 1s operated. In other words, the com-
pressor shatt 209 1s held floating (without mechanical con-
tact) by the magnetic bearing, at least during operation. The
compressor shaft 209 1s not supported and/or guided by slide

bearings during operation of the compressor 209. The com-
pressor 201 1s a lubricant-free compressor with regard to the
compressor shaft 209. No lubricant 1s needed for the mag-
netic bearings 211, 214, and 216, 1n particular no oil.
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If the compressor 201 1s not operated, the magnetic
bearing system may be shut off and the compressor shait 209
may rest mechanically on the magnetic bearings 211, 214,
and 216.

In this embodiment, the magnetic bearing system further
comprises sensor system and a controller 217. The sensor
system includes a first sensor ring 212 and a second sensor
ring 215. The first magnetic radial bearing 211, the second
magnetic redial bearing 214, the magnetic axial bearing 216,
the first sensor ring 212, and the second sensor ring 215 are
connected to the controller 217, respectively.

The first sensor ring 212 circumierentially surrounds a
part of the compressor shaft 209 and comprises a plurality of
sensors 213. The sensors 213 are arranged around the
compressor shaft 209 1n a circumierential direction, which 1s
perpendicular to the axial direction of the compressor shaft
209 and to 1ts radial direction. In particular, the sensors 213
may be evenly distributed around the compressor shatt 209.
The first sensor ring 212 1s adapted to measure a rotational
position, a rotational speed, an axial speed, and/or an axial
position of the compressor shaft 209. For example, the
measurement may be based on magnetic imteraction between
the compressor shaft 209 and the sensors 213. The structure,
the possible modifications, and the corresponding advan-
tages of the first sensor ring 212 may apply to the second
sensor ring 2135 accordingly.

The first sensor ring 212 1s located adjacent to the first
magnetic radial bearing 211, in particular at the inlet side
thereol. The second sensor ring 215 1s located adjacent to the
second magnetic radial bearing 214, in particular at the inlet
side thereof.

The first magnetic radial bearing 211 and the second
magnetic radial bearing 214 are spaced apart from each
other 1n the axial direction of the compressor shait 209.
Hence, the compressor shait 209 1s easily held during
operation such that 1t does not displaced in the radial
direction at the whole and that its axis does not tilt. The axial
magnetic bearing 216 prevents the compressor shaft 209
from moving 1n the axial direction of the compressor shaft
209.

Embodiments of radial magnetic bearings are described 1n
U.S. Pat. No. 9,624,939 B2 1n more detail.

Summed up, the magnetic bearing system ensures a
correct position of the compressor shait 209. The correct
position includes both a correct spatial orientation of the
compressor shaft 209 and a correct location of the compres-
sor shatt 209 with respect to the housing 202 of the com-
pressor 201, at least during operation of the compressor 201.
In this context, the spatial orientation preferably does not
include a rotational position of the compressor shatt 209. In
other words, it might not be necessary that the magnetic
bearing system as such can ensure a certain rotational
position of the compressor shait 209. The rotational position
might be controlled by the motor 210.

Accordingly, the first sensor ring 212 and the second
sensor ring 215 are spaced apart from each other 1n the axial
direction. Hence, both radial movements of the whole com-
pressor shait 209 and tilting of the central axis of the
compressor shait 209 can be easily and reliably measured by
the sensor rings 212 and 21S5.

The controller 217 controls the first radial magnetic
bearing 211, the second radial magnetic bearing 214, and the
axial magnetic bearing 216 based at least on an output of the
sensor system. If a flow rate of the refrigerant changes
and/or 1f disturbances 1n the flow of the refrigerant occur, the
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magnetic bearing system compensates for the changing
loads on the compressor shatt 209 and maintains the correct
position of the latter.

In addition, the controller 209 may consider other input
data for controlling the magnetic bearings 211, 214, and 216,
For example, the other input data may include data regarding
an 1tended rotational speed of the compressor shaft 209,
data of tlow sensors, which measure a flow of the refrigerant
inside and/or outside the compressor 201.

In particular, the magnetic bearing system is configured to
maintain mechanical clearances between the magnetic bear-

ings 211, 214, and 216 and the compressor shait 209 1in

respective predetermined ranges during operation of the
compressor 201. By this, the magnetic bearing system
prevents that any part of a shaft assembly of the compressor
201 mechanically collides with any other part during opera-
tion. The shaft assembly includes the compressor shatt 209,
the first impeller 206, and the second impeller 208. This
ensures a long lifespan and reliable operation of the com-
pressor unit 200 even it the loads on the compressor 201
vary during operation.

According to an aspect of the present invention, the sensor
system preferably monitors the position of the compressor
shaft 209 at least 10.000 times per second, for example
100.000 times per second. Therefore, 1t can be very quickly
determined 1f the position of the compressor shait 209
deviates from 1ts correct position. Accordingly, a response
time of the active clearing system 1s very short. It 1s less than
50 us and hence considerably shorter than the closing time
of the check valve 100, which 1s 0.7 s 1n this embodiment.

Another embodiment of a turbo centrifugal compressor,
which 1s suitable for a compressor umt according to the
present invention, 1s described 1 U.S. Pat. No. 7,240,515
B2. This compressor comprises an active magnetic bearing
system. In more detail, axial and radial electromagnetic
bearings of said compressor are provided to counteract axial
and radial loading on a rotor shait of the compressor. It 1s
referred to U.S. Pat. No. 7,240,515 B2 regarding details of
this compressor. The compressor of said document includes
a first centrifugal compressor having two stages and a
second centrifugal compressor having two stages. Just for
example, the first compressor could be used as the compres-
sor 1n terms of the present invention.

Along a forward flow direction F, the ball valve 260
directly follows the discharge outlet 204. As can be seen 1n
FIG. 4, the ball valve 260 comprises a housing 261, a ball
262 with an 1inner passage 263, and a spindle 266 for rotating
the ball 262 within the housing 261 from an outside of the
housing 261. The spindle 266 1s fixed to the ball 262.

On 1ts upstream-side end, the housing 261 of the ball
valve 260 comprises a flange 264 for fixing the ball valve
260 to the compressor 201. In this embodiment, the flange
264 includes four through holes. Bolts 265 are inserted
therein and are threaded into corresponding screw holes at
the discharge outlet 204 of the compressor 201. Thereby, the
ball valve 260 1s detachably fixed to the compressor 201, in
more detail to the housing 202.

A rotational position of the ball 262 can be changed by
rotating the spindle 262. In FIG. 4, the ball valve 260 1s in
a Tully open position. An inlet of the inner passage 263 faces
the 1nlet 221 of the fluid connection 220. An outlet of the
iner passage 263 1s fully open to the diffusor portion 222.
A central axis of the ball 262 1s parallel to a local central axis
of the fluid connection 220 at the ball valve 260. A forward
flow of the refrigerant along the forward tlow direction F
from the 1nlet 221 into the conduit 231 1s not obstructed.
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In this example, a diameter of the inlet 221 1s 50 mm.
Hence, a flow cross-section of the inlet 221 is 20 cm~.

The ball 262 can be rotated by 90° 1nside the housing 261
to a closed position. In this embodiment, a rotational axis D
of the ball 262 and the spindle 266 1s vertical in FIG. 4. In
the closed position, the flow of the refrigerant trough the ball
260 1s obstructed by a circumierential wall of the inner

passage 263. One side of this wall faces towards the inlet
221 and blocks an inlet of the ball 260. In other words, this

side faces the inlet 221 of the fluud connection 220. An
opposite side of the wall then closes an outlet of the ball
valve 260. Said opposite side faces towards the conduit 231.
Tight sealing between the ball 262 and the housing 261 1is
ensured by two annular sealing rings 268.

The ball valve 260 constitutes an additional stop mecha-
nism in terms of the present invention, which 1s provided in
addition to the check function of the check valve 100. In this
embodiment, the additional stop mechanism 1s completely
separated from the check function. The ball valve 260 and
the check valve 100 are completely diflerent assemblies.

I1 the ball valve 260 1s closed, for example manually, the
ball valve 260 blocks the fluid connection 220. In this state,
the ball valve 260 reliably and permanently prevents that
refrigerant can leak out from the high-pressure side of the
refrigeration system. The fluid connection 220 can be
demounted from the compressor 201 and the latter can be
maintained, repaired, or replaced without leakage of the
refrigerant to the environment. Thus, the ball valve 260
improves the maintainability of the compressor unit 200.

In FIG. 3 and FIG. 4, the spindle 266 1s covered by a cap
267 to avoid unintentional change of a position of the ball
262. Alternatively of additionally, a stop ring (not shown)
may be detachably fixed to an outer end of the spindle 266
to prevent unintentional rotation of the spindle 266 and
hence the ball 262.

In this embodiment, the inner passage 263 1s of a cylin-
drical shape. It has an mner diameter of 50 mm and hence
a continuous flow cross-section of 20 cm?. In a modification.,
the inner passage may have at least substantially the shape
of a truncated cone (not shown). When this ball valve 1s 1n
the fully open position, a tlow cross-section of the inner
passage gradually increases from the inlet of the inner
passage to the outlet of the inner passage. Hence, the inner
passage also constitutes a diffusor portion. Accordingly, the
diffusor portion 222 and hence the conduit 231 can be
shorter with this modification.

After the ball valve 260, the fluid connection 220 contin-
ues through the conduit 231. A minimum wall thickness of
the conduit 231 may be at least 7 millimeters, for example
8 millimeters. In this embodiment, the conduit 231 consti-
tutes an elbow. In this embodiment, the fluid connection 220
bends 90°. In other words, the elbow has an angle of 90°. In
other modifications, the elbow may have another angle, for
example 60° or 45°. A flat strut 234 1s formed on an 1nner
side of the bend of the elbow. The flat strut 234 1s formed
integrally with the conduit 231. This helps to reduce maxi-
mum mechanical stresses that occur i1n the elbow during
operation. In still another modification, the conduit 231 may
extend straight. In other words, no elbow 1s formed.

At 1ts upstream-side end (with regard to the forward tlow
direction F), the condwt 231 comprises a flange 232 for

fixing the conduit 231 detachably to a downstream-side end
of the ball valve 260. The flange 232 comprises six through

holes for bolts 233. The bolts 233 are inserted into the
through holes of the flange 232 and are screwed into
corresponding screw holes at the downstream-side end of

the housing 261 of the ball valve 260. By this, the conduit
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231 1s detachably fixed to the ball valve 260. The outlet of
the ball valve 260 1s 1n fluid connection with the inlet 83 of
the check valve 100 via the interior of the conduit 231,
especially via the diflusor portion 222.

In the diffusor portion 222, the flow cross-section of the
inner passage 220 gradually increases along the flow for-
ward direction. At the inlet of the conduit 231, the inner
diameter of the fluid channel 220 1s only slightly larger than
in the mner passage 263 of the ball valve 260. In more detail,
the 1nner diameter 1s approximately 51 mm at the inlet of the
conduit 231, which corresponds to a flow cross-section of
still approximately 20 cm®. However, it is slightly larger
than the flow cross-section of the ner passage 263. An
outlet of the conduit 231 is at the same time the inlet 83 of
the check valve 100. The inlet 83 has a port diameter W of
64 mm. Hence, the port area of the check valve 100 1s 32
cm”. Consequently, the flow cross-section gradually
increases in the diffusor portion 222 along the forward tlow
direction F by 37%. According to another aspect, the tlow
cross-section increases 1n the fluid channel 220 from its 1nlet
221 along the forward tlow direction F to the ilet 83 of the
check valve 100 by 64%. Hence, suflicient kinetic energy of
the refrigerant discharged by the compressor 201 i1s con-
verted to additional static pressure, whereas the tflow veloc-
ity of the refrigerant 1s considerably reduced. Accordingly,
the flow velocity within the check valve 100 1s decreased.
This allows a more uniform flow of the refrigerant within the
check valve 100 and decreases energy and pressure losses
within the check valve 100.

A viewing window 240 1s provided 1n the conduit 231. In
more detail, the viewing window 240 1s located at least
approximately 1n the middle of the conduit 231 at an upper
side thereof. The viewing window 240 allows looking into
the interior of the fluid connection 220 from an outside of the
compressor unit 200, 1n particular into the diffusor portion
222. An operator can see from the outside whether liquid 1s
present 1n the flow channel 220. This can happen due to
liquid carry-over through an economizer port (not shown). If
the liquid enters the compressor 201, it can damage the
latter. Furthermore, the liquid can impair the flow of the
refrigerant and/or damage or impair the functionality of
other components, for example the check valve 100 or
components of the refrigeration system. If the operator
detects liquid 1in the flow channel 220, he can refrain from
starting the compressor 201 and repair the system to avoid
such problems and/or dysiunctionalities.

Furthermore, the viewing window 240 allows looking
onto the valve head 125 of the check valve 100 from the
outside of the compressor unit 200. It can be detected from
the outside whether the valve head 125 1s damaged. Fur-
thermore, 1t can be seen from the outside whether the valve
shaft assembly of the check valve 100 moves correctly and
whether the valve shaft assembly 1s 1n a correct position.
This facilitates the inspection of the compressor unit 200.

In more detail, the viewing window 240 1s enclosed 1n a
carrier body 241. The carrier body 241 with the viewing
window 240 1s detachably fixed to the conduit 231 and 1s
regarded to be a part of the latter. An inward end of the
carrier body 241 comprises an outer thread, which 1s
engaged with an mnner thread 238 of a connection nozzle
237. The connection nozzle 237 1s a part of the conduit 231
and formed integrally with the latter. The carrier body 241
comprises an external hexagon 242. This facilitates mount-
ing the carrier body 241 to the condwt 231. The viewing
window 240 can be easily replaced. Furthermore, due to the
connection nozzle 237 with the internal thread, other com-
ponents can be detachably fixed to the conduit 231 instead,
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for example a sensor—Ilike a pressure sensor, a sensor for
automatically detecting liquid in the flow channel 220,
and/or a sensor for measuring the position of the valve head
125.

In addition, a connector 235 1s formed at a side of the
conduit 231. The connector 235 comprises a through hole
from the outside of the compressor unit 201 to the fluid
connection 220 and a thread. By the connector 235, a
pressure sensor and/or a refrigerant recovery can be con-
nected to the fluid connection 220.

Furthermore, a staging tlange 236 1s formed at the same
side of the conduit 231. The staging flange comprises two
M10x1.5 screw holes.

Seen along the forward tlow direction F, the check valve
100 directly follows after the diffusor portion 222. FIG. 5 1s
an enlarged cross-sectional view of the check valve 100 of
the compressor umt 200 1n FIG. 3.

The housing 280 of the check valve 100 1s formed
integrally with the conduit 231 and hence with the elbow.
The whole one-piece part may be made of metal. The metal
may comprise or consist of titanium, aluminum, and steel. In
this specific example, the housing 280 and the conduit 231
are made of the aluminum alloy AlIS17Mg (16).

A valve head 125 of the check valve 100 slightly differs
from the valve head 235 of the check valve. In the check valve
100, there 1s not distal flange of the valve shatt 120. Instead,
a sealing holder 131 has a mushroom-like shape. The sealing
holder 131 1s at least axially fixed to the valve shaft 120,
preferably also rotationally. Accordingly, the valve shaft
assembly 1s constituted by the valve shait 120, the sealing
holder 131, the sealing element 32, the head cap 34, and the
screw 35 1n this embodiment.

In the check valve 120, a shaft bearing body consist of a
shaft bearing sleeve 110a, an end cover 1105, and an 1nsert
145.

The shait bearing sleeve 110qa has at least substantially the
shape of a cylinder tube. It 1s mounted 1n a cylindrical
mounting hole of the body holder 82. Said mounting hole 1s
formed 1n a center of the body holder 82 along the central
axis C. The shatt bearing sleeve 110a 1s at least axially fixed
to the body holder 82 and hence to the housing 180,
preferably also radially.

As 1n the check valve 1, a proximal side of the valve shaft
120 1s inserted 1nto the shaft bearing body. In more detail, 1n
this embodiment, the proximal side of the valve shait 120 1s
inserted into an 1nterior of the shait bearing sleeve 110a. The
mounting portion 11 for the valve shaft 120 1s located 1n an
inner circumierential surface of the shait bearing sleeve
110a. The valve shaft 120 i1s held by the mounting portion
11, wherein the valve shaft 120 and hence the complete
valve shait assembly are displaceable 1n the axial direction
A of the check valve 100.

As the shaft bearing sleeve 110q 1s produced separately,
the mounting portion 11 1s manufactured with very high
accuracy 1n a cost-eflicient manner. Low tolerances of the
mounting portion 11 are obtamned. This ensures proper
engagement of the valve shaft 120 and the mounting portion
11, low friction for the axial movement of the valve shaft
120, low wear, and high reliability of the check valve 100.

In this embodiment, the shaft bearing sleeve 110a 1s made
of bronze. This material 1s well suited for slide bearings. It
can be manufactured with high accuracy.

Accordingly, higher manufacturing tolerances are pos-
sible for the body holder 82. This reduces the production
costs. Furthermore, the body holder 82 can be made of a
lighter material. In this case, the body holder 82 1s made of
the same aluminum alloy as the support arms 86 and the
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housing 280 of the check valve 100. In particular, the
support arms 86 are formed integrally with the body holder
82. A common circumierential mounting ring 87 1s fixed to
a distal end (downstream-side end) of all support arms 86.
In this case, the mounting ring 87 1s formed 1ntegrally with
the support arms 86. The mounting ring 87 1s fixed to a distal
end of the housing 280 of the check valve 100. In particular,
an outer circumierential surface of the mounting ring 87
comprises an external thread engaging an inner thread
provided at a downstream-side end of an inner surface of the
housing 280.

In this embodiment, the valve shaft 120 1s made of
stainless steel. Consequently, 1t has a good chemical resis-
tance and a high mechanical load capacity. This increases
the reliability and prolongs the lifespan of the check valve
100.

Two circumiferential mounting grooves for O-rings 142
are provided on an outer circumierential surface of the shaft
bearing sleeve 110a. The two circumierential mounting
grooves are spaced apart from each other in the axial
direction A. In more detail, a first circumierential mounting
groove 1s formed near a proximal end of the shaft bearing
sleeve 110qa, and a second circumierential mounting groove
1s formed near a distal end of the shait bearing sleeve 110aq.

An O-ring 142 1s mounted i each of the mounting
grooves, respectively. The O-rings 142 are made of an
clastomeric material. The outer circumierential surface of
the shatt bearing sleeve 110q abuts an inner circumierential
surface of the body holder 82 via the O-rings 142. In other
words, the shaft bearing sleeve 110a 1s supported in the
radial direction via the elastomeric O-rings 142.

Accordingly, the valve shait assembly can be displaced 1n
the radial direction by a limited amount and/or a central axis
of the valve shait assembly can be tilted by a limited amount
with respect to the central axis C. At least one of the O-rings
142 1s deformed in these cases. Each of the deformed
O-rings 142 has an elastic restoring force for bringing the
shaft bearing sleeve 110a back in 1ts central position, such
that the central axis of the valve shait assembly 1s in-line
with the central axis C of the check valve 100 again.

In more general, according to an aspect of the present
invention, at least a part of the shaft bearing body 1s mounted
clastically 1n the radial direction to allow a limited displace-
ment of the valve shaft assembly in the radial direction
and/or a limited tilting of the central axis of the valve shaft
assembly with regard to the central axis C.

Manufacturing tolerances and/or wear can lead to a slight
misalignment of the valve shait assembly with regard to the
valve seat 81. This might impair the proper sealing between
the valve head 125 and the valve seat 81. With the above
modification, the position of the valve head 1235 automati-
cally adapts to the position of the valve seat 81 and com-
pensates such misalignment when the check valve 100
closes. This improves the sealing between the valve head
125 and valve seat 81. The elastic O-rings 142 also com-
pensate for different thermal dilatation of the shaft bearing
sleeve 110a and the body holder 82.

The end cover 1105 has an at least substantially mush-
room-like shape. It 1s mounted to a distal end of the shaft
bearing sleeve 110a. The end cover 1105 may also be axially
and/or rotationally fixed directly to the body holder 82. In
more detail, 1t 1s rotationally and axially fixed to the shaft
bearing sleeve 110q 1n this embodiment. The end cover 1105
with the insert 145 constitutes a distal part (downstream-side
part) of the shait bearing body. They also constitutes the
proximal side of the damping reservoir 50. The spring seat
51 for the spring 60 1s formed on the end cover 1105.
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The end cover 1105 turther comprises a central mounting,
passage. The insert 145 1s mounted in the central mounting
passage. The insert 145 1s axially and radially fixed to the
end cover 11056. Helical grooves 141 are provided at an outer
circumierential surface of the insert 145. Seen 1n the axial
direction A, each helical groove 141 comprises an inner end
opening at a distal end of the insert 145 and an outer end
opening at a proximal end of the insert 143 (at the side of the
outlet 84 of the check valve 100). Thus, a groove portion 1s
formed at the outer circumierential surface of the insert 145.
Refrigerant flowing between the damping reservoir 50 and
the outside 70 of the shaft bearing body has to pass through
an entire length of the helical grooves 141. Again, the
damping characteristics of the check valve 100 are indepen-
dent from an axial position of the valve shait 120 and the
valve head 125.

Each helical groove 141 constitutes a single channel and
constitutes a fluid connection between the damping reservoir
50 and the outside 70. Each channel i1s confined by side
surfaces of the respective helical groove 141 and 1s covered
by the counterpart surface facing said helical groove 141. In
this case, the counterpart surface 1s the inner circumiferential
side of central mounting passage of the end cover 1105.

Again, the helical grooves 141 are arranged in parallel
such that the fluid passes all helical grooves 141 1n parallel
at the same moment when flowing between the damping
reservoir 50 and the outside of the shait bearing body
(compare to outside 70 i1n FIG. 1). In other words, the tfluid
flow between the damping reservoir 50 and the outside 70 1s
split up into all parallel helical grooves 141.

In this embodiment, 1n more detail, two helical grooves
141 are provided at the outer circumierential surface of the
insert 145. The two helical grooves 141 are offset by 180°.
Each helical groove 141 has a depth of 0.65 mm (in a radial
direction of the valve shaft 120) and a width of 0.8 mm (in
an axial direction of the valve shait 120). In particular, said
width may be an opening width at a radially outer, open side
of the respective helical groove 141. The cross-sectional
shape of the helical grooves 141 may be tapered along the
radial direction from the open side to a radially inner side of
the helical groove 141. The width at the radially inner side
may be less, for example 0, 57 mm. Two sidewalls of each
individual groove 141 may be tilted symmetrically by 10°
with respect to radial direction of the valve shaft 120, for
example. Furthermore, each helical groove 141 has 13
revolutions and a length of approximately 320 mm. An
radially outer diameter of the helical grooves 141 1s 8.6 mm.

In FIG. 4 and FIG. 5, an orientation of the axial direction
A 1s parallel to a direction of gravity. Hence, gravity forces
the moving parts (the shait assembly) of the check valve 100
away Irom the valve seat 81. The spring 60 has to overcome
the gravitational force of the valve shaft assembly addition-
ally to close the check valve 100.

Again, the shait bearing body, the valve shait 120, and the
valve head 125 are at least substantially rotationally sym-
metric. This facilitates the manufacture of the check valve
100.

The body holder 82 1s made of an aluminum alloy. The
valve shaft 120 may be coated. For example, the coating
may comprise or consist ol nickel, molybdenum disulfide,
and polytetrafluoroethylene (PTFE). This reduces iriction
and reduces wear.

The check valve 100 1s especially adapted for low-
pressure relrigerants, for example R-1234ze or R-313A.

When a low-pressure refrigerant 1s used, a larger volume
flow (unit m>/s) has to be passed through the compressor
umt 200 for obtaiming the same power capability of the
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refrigeration system compared to the situation i1t a high-
pressure refrigerant 1s used. Hence, the check valve 100 1s of
bigger size and adapted for larger volume tlows compared to
the check valve 1.

If the check valve 100 1s an open state, for example 1n the
tully open state depicted 1n FIG. 5, fluid can enter the check
valve unit 100 through the fluid inlet 83 of the housing 180,
pass between the valve seat 81 and sealing surface 33 and
turther through the tlow passage 85 constituted between an
outer wall of the housing 80 and an outer wall of the body
holder 81 to a fluid outlet 84 of the housing 80. Said flow
passage 85 extends round about the body holder 82. Seen in
a circumierential direction perpendicular to the axial direc-
tion A, the flow passage 85 1s only mterrupted by the three
support arms 86.

A minimum tlow cross-section within the check valve 100
1s between 80% and 95% of 1ts port area. This reduces the

e

flow resistance, the pressure drop, and hence increases t.
elliciency of the check valve 100. In this embodiment, the
minimum flow cross-section within the check valve 100 1s
between the sealing holder 131 and the nner surface of the
housing 180.

Furthermore, the check valve 100 comprises a further
diffusor portion. Said further diffusor portion extends from
the minimum flow cross-section to the outlet 84. In this
region, the flow cross-section continuously and gradually
increases along the forward flow direction. Hence, the tlow
velocity of the refrigerant 1s further reduced and the corre-
sponding kinetic energy is at least partly converted into a
turther increase of the static pressure of the refrigerant.
Consequently, the diffusor portion 222 of the fluid connec-
tion 220 can be shortened and the whole discharge umit
becomes smaller.

The check valve 100 has a closing time of 0.7 s. As the
port diameter W (1nlet diameter) at the inlet 83 1s 64 mm, the
closing parameter (closing time divided by the port area) 1s
218 s/m”. Hence, the check valve 100 is not prone to valve
flutter. Furthermore, the damping 1s strong enough to pre-
vent hard check valve slam, which otherwise could damage
the check valve 100.

On the other hand, the corresponding closing time of 0.7
s 1s short enough to prevent considerable check-valve surge
and to prevent strong deep compressor surge. Hence, the
damping of the check valve 100 prolongs both the lifespan
of the compressor 201 and the check valve 100 1tself.

As the check valve 1, the check valve 100 has a flow-
optimizing structure. For example, the check valve 100 has
the central unit, wherein the central umt 1s configured such
that 1t has a drop-like outer shape when the check valve 100
1s Tully open. In this embodiment, the central unit comprises
the valve head 125, the body holder 82 and the shait bearing
body, 1n particular the end cover 1106 of the shait bearing
body. Therefore, the flow resistance for the reifrigerant
flowing through the check valve around the central unit 1s
very low when the check valve 1s fully open. This increases
the energy etliciency of the check valve 100 and hence the
compressor unit 200.

In even more detail, the check valve 100 1s formed such
that a flow velocity vector of the refrigerant flowing through
the fully open check valve 100 1s never larger than 45° with
respect to the central axis C. This reduces the energy loss
considerably.

Within the check valve 100, there are no sharp edges or
steps disturbing the flow of the refrigerant when the check
valve 100 1s fully open. Apart from the support arms 86,
there are no sharp edges or steps on an 1nner surface of the
housing 110 between the nlet 83 and the outlet 84. At least
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when the check valve 100 1s fully open, apart from the
support arms 86, there are no sharp edges or steps on the
outside on an outer surtface of the central unit between the
inlet 83 and the outlet 84. This especially 1s true for the tlow
channel 85.

It should be noted that there are different sealing surface
for the check valve 100 and the ball valve 260. The check
valve 100 has the sealing element 32 with the sealing surface
33, whereas the ball valve includes the two sealing rings
268. Each of the two sealing rings 268 has a sealing surface
abutting and sealing against the ball 262. In the compressor
unmit 200 according to FIG. 3, the check valve 100 and the
ball valve 260 are completely separate assemblies, which are
independent from each other.

When the compressor 201 1s in operation, the refrigerant
having the low 1nlet pressure 1s sucked from a low-pressure
side of the refrigeration system into the compressor 201
through the compressor inlet 203. The refrigerant then flows
straight ahead along the axial direction of the compressor
shaft 209 and centrally in the corresponding radial direction
from the compressor inlet 203 to the first impeller 206. This
results 1n a good inflow characteristic and high efliciency of
the compressor 201.

The first impeller 206 accelerates the refrigerant and
guides 1t radially away from the central axis of the com-
pressor shaft 209. Thereby, a flow velocity of the refrigerant
increases. The first impeller 206 adds kinetic energy to the
refrigerant. After the first impeller 206, the flow velocity of
the refrigerant 1s at least partly converted to increase static
pressure of the refrigerant. Then, the refrigerant enters the
second stage 207. The second impeller 208 again adds
kinetic energy to the refrigerant again. A least a part of the
added kinetic energy 1s converted to further increase the
static pressure of the refrigerant. The compressed refrigerant
leaves the compressor 201 through the discharge outlet 204
with 1ncreased flow velocity and increased static pressure.

The discharged refrigerant enters the fluid connection 220
from the discharge outlet 204 to the inlet 83 of the check
valve 100 at the 1nlet 221 of the fluid connection 220. When
the ball valve 260 (the additional stop mechanism) 1s open,
it flows through the ball valve 260 into the conduit 231 with
the diffusor portion 222. Within the diffusor portion, the flow
velocity (unit m/s) of the decreased while the fluid flows
along a forward tlow direction F. Thereby, at least a part of
the remaining additional kinetic energy, which has been
added by the compressor, 1s converted in further increasing
the static pressure of the refrigerant.

At the end of the conduit 231 and hence at the end of the
clbow, the refrigerant arrives at the inlet 83 of the check
valve 100 and flows into the latter. In FIG. 4 and FIG. 5, the
check valve 100 1s fully open. The flowing refrigerant passes
between the valve head 125 and the housing 110 of the check
valve, 1n particular between the sealing surface 33 of the
sealing element 32 and the valve seat 81 of the housing 110.
The reirigerant further flows through the flow passage 85
between the housing 110 and the body holder 82 along the
forward flow direction.

As noted above, the check valve 100 comprises a further
diffusor portion. Hence, the tlow velocity of the refrigerant
1s further decreased at the outlet of the check wvalve 84,
whereas the static pressure of the reifrigerant 1s further
increased.

Finally, the refrigerant leaves the outlet 84 of the check
valve 100 and enters into an interior of the inlet port 400 of
the refrigeration system. The compressed refrigerant with
increased pressure 1s now available for the high-pressure
side of the refrigeration system.
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In a modification of the compressor unit 200, the check
valve 1 1s used instead of the check valve 100.

FIG. 7 1s a cross-sectional view of a modified discharge
unit 300 for the compressor unit 200 of FIG. 3, wherein the
discharge umt 300 comprises a combined valve unit 301
including both a check valve and an additional stop mecha-
nism. The discharge umit according to FIG. 3 can be replaced
by the discharge unit 300. FIG. 8 shows a perspective view
of the discharge unit 301. FIG. 9 1s an enlarged section of

FIG. 7 and shows the combined valve unit 301 1n more
detail.

The discharge unit 300 1s adapted to be fixed directly to
the compressor 201 (without the additional ball valve 260
in-between). If the discharge umt 300 1s fixed to the com-
pressor 201, this constitutes a modified compressor unit.

Elements corresponding to those of the embodiments and
modifications described before are denoted by the same
reference signs and are not described again. The descrip-
tions, modifications and advantages apply accordingly with
respect to the discharge unit 300 and the compressor unit
comprising the discharge unit 300. Parts having the same
names but different reference signs may be i1dentical to the
corresponding parts of the check valve 1 except the difler-
ences that are described and/or are necessary.

The discharge unit 300 includes the conduit 231 and the
combined valve unit 301. A main outer housing 302 of the
combined valve unit 301 1s formed integrally with the
conduit 231. In this example, an upstream-side end (with
regard to the forward flow direction F) of the condwt 231
comprises a flange 332 for fixing the conduit 231 detachably
to the compressor 201. In particular, the conduit 231 1s
detachably fixed directly to the compressor 201 such that the
discharge outlet 204 of the compressor 201 opens directly
into the inlet 221 of the fluid connection 220 of the discharge
unit 300.

The flange 332 comprises six through holes 332a for bolts
(not shown). The bolts can be 1nserted into the through holes
332a of the flange 332 of the conduit 231 and can be screwed
into corresponding screw holes i the housing 202 of the
compressor 202. By this, the discharge unit 300 can be
detachably fixed to the compressor 201. In this embodiment,
the diffusor portion 220 begins directly after the flange 332
(seen along the forward flow direction F).

In this embodiment, the inner diameter 1s 53.7 mm at the
inlet 221, which corresponds to a flow cross-section of
approximately 23 cm?. The outlet of the conduit 231 is at the
same time the inlet 305 of the combined valve unit 301. The
inlet of the combined check valve 305 has a diameter of 90
mm. Hence, the flow cross-section at the mlet 305 of the
combined valve unit 301 is 64 cm’ (port area). The tlow
cross-section gradually increases in the diffusor portion 222
along the forward flow direction F by 180%. Sufhlicient
kinetic energy of the refrigerant discharged by the compres-
sor 201 1s converted to additional static pressure. At the
same time, the tlow velocity of the refrigerant 1s consider-
ably reduced. The tlow velocity within the combined valve
unit 301 1s decreased. This allows a more uniform flow of
the refrigerant through the combined valve umt 301. Finally,
this decreases energy and pressure losses within the com-
bined valve unit 301.

Like the discharge unit shown in FIG. 3, the discharge
unit 300 of FIG. 7 also comprises the viewing window 240,
the connector 235, and the staging tlange 236. However, in
this embodiment, there 1s no flat strut. However, 1n a
modification of the discharge unit 300, a tlat strut like the flat
strut 234 may be integrally formed with the condut 231.
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An outer housing of the combined valve unit 301 includes
the main outer housing 302 and an end cover ring 303. As
noted above, the main outer housing 302 1s formed integrally
with the conduit 231. The end cover ring 303 1s detachably
fixed to a downstream-side end of the main outer housing
302. In this embodiment, the end cover ring 303 1s fixed to
the main outer housing 302 by means of bolts 309 (see FIG.
8). Furthermore, the end cover ring 303 comprises screw
holes 304, which can be used for fixing, for example, the
inlet port 400 to the outer housing.

The combined valve umit 301 1s a ball valve with an
integrated check valve 301a. The mtegrated check valve
301a provides the check function. The combined valve unit
301 further includes an additional stop mechanism. The
latter 1s featured by the ball valve function. The ball 1s, at the
same time, a housing 380 of the integrated check valve 301a.

The indications that the combined valve unit 301 *is
open” or “is closed” refer to the ball valve function unless
stated otherwise. In particular, even when the combined
valve unit 301 1s open, the integrated check valve 301a may
be closed and hence block refrigerant from tlowing through
the combined valve unit 301 at this moment.

The integrated check valve 301a 1s of similar structure
than the check valve 1 of FIG. 1 and FIG. 2. For example,
it also comprises the damping reservoir 30 and the helical
grooves 41 on the valve shatt 20. Corresponding elements of
the integrated check valve 301a are denoted by the same
reference signs and are not described again. The descrip-
tions, modifications and advantages apply accordingly. Parts
having the same names but different reference signs may be
identical to the corresponding parts of the check valve 1
except the differences that are described and/or are neces-
sary.

In the integrated check valve 3014, the shait bearing body
1s formed by a shaft bearing sleeve 310 and the body holder
382. In other words, the shait bearing body 1s partly formed
integrally with the body holder 382.

Again, the shait bearing body, the valve shatt 320, and a
valve head 325 are at least substantially rotationally sym-
metric. This facilitates the manufacture of the integrated

check valve 301a. The valve shaft 320 1s similar to the valve
shaft 20 of the check valve 1 but has, like the valve shait 120
of the check valve 100, no distal ﬂange

In FIG. 7 and FIG. 9, the support arms are not shown but
are present. The spring seat 51 1s formed 1n the body holder
382 1n this embodiment. In this embodiment, the mounting
ring 87 1s additionally secured again accidental loosening by
securing screws 88. Of course, such securing screws 88 can
also be provided 1n the check valves 1 and 100.

The housing 380 of the integrated check valve 301a 1s
completely inserted into the outer housing of the combined
valve unit 301. In more detail, 1t 1s mounted 1n an interior of
the main outer housing 302. The housing 380 can be rotated
inside the outer housing in order to open and close the
combined valve unit 301.

In FIG. 7 and FIG. 9, the combined valve unit 301 is in
its Tully open position. The ball 1s 1n a (rotational) position
such that the inlet 83 of the integrated check valve 301a
faces the inlet 305 of the combined valve unit 301 and that
the outlet 84 of the integrated check valve 301a faces an
outlet 306 of the combined valve unit 301. In other words,
the integrated check valve 3014 1s turned such that 1ts central
axis C 1s parallel to the forward flow direction in the
combined valve unit 301. In still other words, the central
axis C 1s perpendicular to a flow cross-section of the inlet
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305 and the outlet 306 of the combined valve unit 301. In
addition, the integrated check valve 301q 1s fully open 1n
FIG. 7 and FIG. 9.

The housing 380 of the integrated check valve 301a (and
hence the complete integrated check valve 301a) can be
rotated about a rotational axis E within the outer housing via
a spindle (not shown). The spindle 1s fixed to the ball
(housing 380) and extends to the outside through the main
housing part 302, similar to the spindle 266 in the ball valve
260. In FIG. 8, an outer end of the spindle 1s covered by cap
395 to avoid unintentional change of the rotational position
of the housing 380. Alternatively or additionally, a stop ring
(not shown) may be detachably fixed to an outer end of the
spindle to prevent unintentional rotation of the spindle and
hence the housing 380.

FIG. 10A shows a slightly modified version of the com-
bined valve unit 301 of FIG. 9 1n a first state, in which the
combined valve umt 301 1s open (1.¢. the ball valve function
1s open) and in which the itegrated check valve 301a 1s
closed. As the modifications between the versions of the
combined vale unit 301 shown m FIG. 10A to 10C on the
one hand and FIG. 9 on the other hand are minor and are not
relevant to the present aspect, the same reference signs are
used.

In other words, in the state shown i FIG. 10A, 1t depends
on an openmng/closing state of the integrated check valve
301a whether fluid can pass through though the combined
valve unit 301 or not. As in FIGS. 7 and 9, the central axis
C of the integrated check valve 301a 1s parallel to the
torward flow direction in the combined valve unit 301 and
perpendicular to a tlow cross-section of the inlet 305 and the
outlet 306 of the combined valve unit 301. The housing 380
of the mtegrated check valve 301a does blocks neither the
inlet 305 nor the outlet 306 of the combined valve unit 301.

In FIG. 10B, the complete integrated check valve 301 has
been tilted by 20° from 1ts position according to FIG. 10A.
Corresponding, 1ts central axis C 1s tilted 20° with respect to
the forward flow direction 1n the combined valve unit 301.
Starting from FIG. 10A, the combined valve unit 301 1s
being closed.

In FIG. 10C, the combined valve unit 1s 1n a fully closed
state. The housing 380 1s turned by 90° with respect to the
state 1n FIG. 10A. The central axis C of the integrated check

valve 301a 1s perpendicular to the forward flow direction in
the combined valve unit 301. In other words, the central axis
C 1s parallel to the flow cross-section of the inlet 305 and the
outlet 306 of the combined valve umt 301. In this fully
closed state, the outer housing 380 (especially, a circumier-
ential sidewall thereol) closes and blocks both the inlet 3035
and the outlet 306 of the combined valve unit 301. No fluid
can pass through the combined valve unit 301 in this state.

The combined valve unit 301 comprises two sealing rings
307, 308 for sealing between the housing 380 and the outer
housing. The downstream-side sealing ring 308 1s mounted
in an annular recess, which 1s located at an inner surface the
end cover ring 303. It 1s an annular PTFE seal with an
additional O-ring back up. The latter prevents that too hjgh
torque 1s applied on the spindle by ﬁxmg the end cover ring
303. The upstream-side sealing ring 307 1s an annular PTFE
seal. It 1s mounted in an annular recess, which 1s located at
an 1nner surface of the main outer housing 302. Both 1n the
tully open state and 1n the fully closed state of the combined
valve umt 301, the sealing rings 307, 308 respectively seal
against an outer surface of the housing 380. In detail, the
additional stop mechanism comprises the main outer hous-
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ing 302, the end cover ring 303, the sealing rings 307, 309,
and 309, and the housing 380 of the integrated check valve
301a.

In this embodiment, the combined valve unit 300 com-
prises an optional further sealing ring 309 for sealing
between the outer housing and the housing 380. Seen along
the forward flow direction F, the sealing ring 309 1s located
between the sealing rings 307, 308, preferably at least
substantially 1in the middle thereof. The additional sealing
ring 309 ensures tight sealing even when the housing 380 1s
in intermediate positions between the fully open state (see
FIG. 7 and FIG. 9) and a fully closed state (see FIG. 10C;
the mtegrated check valve 301qa 1s turned by 90°).

The effect of the further sealing ring 309 1s evident from
FIG. 10B. In this intermediate state, the housing 380 does
not sealingly abut on a whole mner circumierence of the
sealing ring 307. Similarly, the housing 380 does not seal-
ingly abut on a whole inner circumierence of the other
sealing ring 308 in this intermediate state. Hence, small
amounts of fluid could pass through the combined check
valve unit 301 in this intermediate state, in particular
between an outer surface of the housing 380 and an inner
surface of the outer housing. This 1s prevented by the
additional sealing ring 309. In general, independent from a
rotational state of the integrated check valve 301a, the outer
surface of outer housing 380 of the integrated check valve
301a always sealingly abuts on a whole circumierence of at
least one sealing.

The mlet 83 of the integrated check valve 301a has the
same diameter and flow cross-section as the inlet 305 of the
combined valve unit 301. A mmimum flow cross-section
within the mtegrated check valve 301a 1s formed between
valve head 325 and the inner sider of the housing 308. The
minimum flow cross-section may be in the range from 80%
to 95% of the tlow cross-section at the inlet 83. This ensures
a low pressure drop and a good efliciency while maintaining
a compact size. At the end outlet 84 of the integrated check
valve 301qa, the flow cross-section 1s 25% larger than the
flow cross-section at the inlet 83. Hence, the integrated
check valve 301a also acts as a further diffusor portion when
the combined check valve 301 and the integrated check
valve 301a are tully open. As the check valve 100, the
integrated check valve 301q 1s formed that the flow velocity
vector of the relrigerant flowing through the fully open
integrated check valve 301a 1s never larger than 45° with
respect to the central axis C.

The present mvention enhances the reliability, the efli-
ciency, and the operational range of the compressor unit 200
and reduces unpleasant noises.

While the present disclosure has been 1llustrated and
described with respect to a particular embodiment thereof, 1t
should be appreciated by those of ordinary skill 1n the art
that various modifications to this disclosure may be made
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A compressor unit for a refrigeration system using a
refrigerant, wherein the compressor unit comprises

a centrifugal compressor for compressing the refrigerant,

wherein the compressor has a discharge outlet for
discharging the compressed refrigerant; and
a check valve, wherein an inlet of the check valve 1s 1n
fluid connection with the discharge outlet of the com-
Pressor;

wherein the check valve 1s a nozzle check valve including
a damping mechanism, wherein a closing parameter of
the check valve is between 50 s/m* and 2000 s/m-,
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wherein the closing parameter 1s a closing time of the
check valve divided by a port area of the check valve.

2. The compressor unit according to claim 1, wherein an
internal volume of a fluid connection from the discharge
outlet of the compressor to the inlet of the check valve 1s 1n
the range from 0.002 m” to 0.020 m".

3. The compressor unit according to claim 1, wherein the
closing parameter of the check valve is between 100 s/m”
and 1000 s/m>.

4. The compressor unit according to claim 1, wherein the
compressor 1s a centrifugal turbo compressor.

5. The compressor unit according to claim 1, wherein the
compressor 1s a lubricant-free compressor including a mag-
netic bearing system for a compressor shatt,

wherein the magnetic bearing system includes at least one

magnetic axial bearing and at least one magnetic radial
bearing,
wherein the bearing system includes a sensor system for
monitoring a position of the compressor shait at least
1000 times per second,

wherein the at least one magnetic axial bearing and the at
least one magnetic radial bearing are controlled based
at least on an output of the sensor system, and

wherein the bearing system 1s configured for active clear-
ance adjustment for the bearings for the compressor
shaft.

6. The compressor unit according to claim 1, wherein the
fluid connection from the discharge outlet of the compressor
to the inlet of the check valve comprises a diffusor portion.

7. The compressor unit according to claim 1, wherein the
compressor unit comprises a viewing window that allows
viewing from the outside into an interior of the fluid con-
nection from the discharge outlet of the compressor to the
inlet of the check valve.

8. The compressor unit according to claim 1, wherein the
compressor unit comprises an additional stop mechanism to
close a fluid connection from the discharge outlet of the
compressor to an outlet of the check valve 1n addition to a
check function of the check valve.

9. The compressor unit according to claim 8, wherein the
compressor unit comprises different sealing surfaces for the
check function and the additional stop mechanism.

10. The compressor unit according to claim 8,

wherein the compressor unit comprises a ball valve 1n the

fluid connection from the discharge outlet of the com-
pressor to the mlet of the check valve or

wherein the compressor unit comprises a combined valve

unit, wherein the combined valve unit includes both the
check valve and the additional stop mechanism.

11. The compressor unit according to claim 1, wherein a
mass parameter of the check valve is between 10 kg/m~ and
60 kg/m?*, wherein the mass parameter is a mass of a valve
shaft assembly of the check valve divided by the port area
of the check valve.

12. The compressor unit according to claim 1, wherein the
check valve comprises

a shalt bearing body comprising an at least substantially

cylindrical mounting portion extending along an axial
direction of the check valve:
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a valve shaft mounted in the mounting portion, wherein
the valve shaft extends along the axial direction and 1s
displaceable along the axial direction;

a valve head comprising a sealing surface, wherein the
valve head 1s disposed on a distal end of the valve shaft
in the axial direction, the distal end facing away from
the mounting portion; and

a damping reservolr inside the shaft bearing body,
wherein a volume of the damping reservoir 1s changed
by movement of the valve shaft with regard to the shaft
bearing body along the axial direction.

13. The compressor unit according to claim 12, wherein
the shaft bearing body comprises a shait bearing sleeve,
wherein the shaft bearing sleeve 1s at least axially fixed to a
housing of the check valve and comprises the mounting
portion.

14. A refrigeration system, wherein the refrigeration sys-
tem comprises a compressor unit according to claim 1.

15. The compressor unit according to claim 2, wherein the
closing parameter of the check valve is between 100 s/m~
and 1000 s/m”.

16. The compressor unit according to claim 2, wherein the
compressor 1s a centrifugal turbo compressor.

17. The compressor unit according to claim 3, wherein the
compressor 1s a centrifugal turbo compressor.

18. The compressor unit according to claim 2, wherein the
compressor 1s a lubricant-free compressor including a mag-
netic bearing system for a compressor shatt,

wherein the magnetic bearing system includes at least one
magnetic axial bearing and at least one magnetic radial
bearing,

wherein the bearing system includes a sensor system for
monitoring a position of the compressor shait at least
1000 times per second,

wherein the at least one magnetic axial bearing and the at
least one magnetic radial bearing are controlled based
at least on an output of the sensor system; and

wherein the bearing system 1s configured for active clear-
ance adjustment for the bearings for the compressor
shatt.

19. The compressor unit according to claim 3, wherein the
compressor 1s a lubricant-free compressor including a mag-
netic bearing system for a compressor shatt,

wherein the magnetic bearing system includes at least one
magnetic axial bearing and at least one magnetic radial
bearing,

wherein the bearing system includes a sensor system for
monitoring a position of the compressor shaft at least
1000 times per second,

wherein the at least one magnetic axial bearing and the at
least one magnetic radial bearing are controlled based
at least on an output of the sensor system; and

wherein the bearing system 1s configured for active clear-
ance adjustment for the bearings for the compressor

shatt.
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